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which give memory courses only. The students would be able to face the examinations with 
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(v) Thé book will increase the students' ability and willingness to inquire for themselves. 
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UNIT2 MOTION, FORCE AND ENERGY 
CHAPTER -1 


DESCRIBING MOTION 
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LEARNING OBJECTIVES : 


At the completion of this chapter, you should be able to grasp : 
1. The concept of motion; motion and rest are relative terms; all motion is relative and there is nothing 
like absolute motion or absolute rest. 
The distinction between distance and displacement. : 
The concept of speed of a body; instantaneous speed; average speed and uniform speed. 
difference between uniform motion and non-uniform motion. 


The concept of graphs and their uses. 


aaron 
d 
e 


l Distance-time graph of motion. If the distance-time graph is a straight line, the miotion is uniform. 
The slope of the graph gives the speed of the body. 


7. Speed-time graph of a body in motion. The area under the speed-time graph gives the distance travelled 
by the body during the given time interval. 


The concept of velocity of a body; uniform velocity and variable velocity. 
| 9. The distinction between scalar quantities and vector quantities like distance and displacement; speed 
and velocity etc. 
10. The concept of acceleration; uniform. acceleration and non-uniform acceleration. 
11. Velocity-time graph of uniformly accelerated motion in a straight line. The slope of velocity-time graph 
determines the acceleration. 


12. The concept of motion in a circle at constant speed. It is an example of accelerated motion. The 
acceleration being due to only the change in the direction of the velocity, its magnitude (speed) remains 
constant. 

13. The concept of angular velocity and its relation with speed. 


14. Equations of uniformly accelerated motion in a straight line-graphically (or otherwise). 


L1 MOTION running on the playground; a man cycling ; a speed- 
In our daily life we sce many objects moving-a ing Maruti car ; moving dogs, a flying bird ; a 
boy walking along a road, a cricketer oran athlete football rolling on the ground ; Air-India ( a jet plane) 


CHEETAH 


Fig.l-1 Motion, 
| 1 


lying in ihe ar , a Checlan leaping 1n the jungle; a 

satellite circling around the earth ; a ball dropping 
from a height ; the moon going around the earth ; the 
sun appearing to go across the sky ; the air particles 
moving in a field etc. In all these examples and in 
several others, which you come across in everyday 
life, there is something common to all of them. If you 
Observe them for a certain interval of time, they keep 
changing their position with respect to other objects, 
some moving slowly and some moving fast. 


ning on a straight track ; an aeroplane running on a 
Straight runway ; a truck moving on a straight high- 
way are some of the examples of this type of motion. 


1.2 DISTANCE AND DISPLACEMENT 


As the motion of a body is not absolute but it is 
relative so we describe the motion of a body by 
specifying its position at any instant of time with 
respect to a fixed reference point called the origin. 


Considera car travelling along a straight stretch 
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Fig. 1.2 


You are travelling in a moving train. There are 
many other passengers in your Compartment. Is there 
any change in your position with respect to other 
passengers even though you are moving with the 
train? Look atnearby trees or telegraph posts outside. 
What do you observe ? 


The continuous change of position ofa body with 
respect to another is called motion. 


Whenever a body does not change its position 
with respect to another, it is said to be at rest. In our 
daily life we see many objects which appear to be at 
rest. For example, an inkpot lying on a table ; a chair 
dying in a room ; a painting hung on the wall, a cot 
lying on the floor etc., are all examples of bodies at 
rest. 


Suppose you are sitting on a cot under a tree near 
your house. You may be thinking that you are at rest 
with respect to the tree. But you, your cot and the 
treé lie on the earth. The earth itself is not at rest, it 
moves around the sun. The sun is moving with 
respect to other heavenly bodies. Thus you are 
moving with the earth wich in turn is in motion in 
relation to the sun and other heavenly bodies. Thus, 
an object which appears to be at rest may actually be 
in motion. Therefore, motion and rest are relátive 
terms. All motion is relative and there is nothing like 
absolute motion or absolute rest. Why ? 


There are various types of motion observed in 
everyday life, Try to enumerate few types of motion! 
However, in this chapter we shall learn to describz 
the motion of only those objects which move in a 
straight line — rectilinear motion. An athlete run- 


of road (Fig. 1.2). Atregular intervals of 100 m, there 
arc posted observers to record the times at which the 
car passes so that a complete record of the motion can 
be obtained. The car starts Opposite one observer 
who may be called the reference observer and 
labelled O. All time measurements are Synchronized 
with him, and it is convenient to measure time from 
the instant the car starts. Thus for observer O,t-0 
and the times recorded by the other observers are the 
times that have elapsed since the car Started. In the 
same way, the observer O may be taken as the refer- 
ence point for the positions of the others. Thus suc- 
cessive observers P, Q, R, ...... to the right of O are 
said to be at positions, + 100 m, + 200 m, + 300 m, 
etc., and observers N, M, L, ..... to the left of O are 
said to be at positions — 100 m, 200 m, -300 m, etc. 
These are the coordinates of the various Observers 
along the line of the road, and may be given the 
symbol x. Thus xp = + 100m, xp = 4300 m, 
%m=— 200 m, etc. The displacement of one observer 
relative to another is the coordinate of the first minus 
the coordinate of the second. Thus the displacement 
of observer P relative to observer Mis Xp-Xy=+100 
m — (-200 m) = + 300 m. This means that P is 300 
m to the right of M. Conversely, the displacement of. 
M relative to P is — 300 m, since M is to the left of P. 


This is one way of describing the position of a 
body with respect to another body. There are various 
other ways of doing this also. For example, suppose 
we want to describe the position of a hockey ball 
lying on the hockey ground at some point H (Fig, 
1.3). Take any point O on the ground and draw a line 
XOX’ passing through it. The position of the hockey 
ball can be described precisely by measuring the 


YI Fig. 1.3 

distance OH and the angle XOH = 6, that the line OH 
makes with the line OX. What would happen if we 
only know either the angle 0 or the distance r between 
O and H? We note that we need two measurements 
to describe the position of the hockey ball H. If we 
are given only one of the two quantities, then the 
position of the hockey ball is not fully specified. 


If only 0 is known then the ball may be at G, H, 
Jens and if only r is known then it may beat B, H, 
D, etc. 


If the hockey ball moves from point H to another 
point Hj, its new position will be given by the dis- 
tance between the points O and Hi and the angle 6’ 
between the lines OH; and OX. We express this by 
saying that the position of a point is defined by 
measuring its distance from the reference point O and 
also the angle that the line joining the referenee point 
to the given point makes with the reference axis OX. 
The change in position of the hockey ball from point 
H to point Hj is called its displacement. This dis- 
placement is equal to the distance between the 
points H and Hi measured along the direction HH}. 


Thus, in general, it follows from the above dis- 
cussion that a change of position of a particle from 
one point to another in a specified direction is 
called disaplcement. The displacement of a body is 
described in terms of two quantities, a distance and 
a direction. The distance is called the magnitude of 
the displacement. It is the total length of the path 
travelled by the body in a certain interval of time. 
The displacement of a body will change if there is 


any change in either its magnitude or direction or 
both. 


Suppose a body moves from a position A, at a 
distance x4. from the origin, to a position B at a 
distance x; from the origin (Fig. 1.4) then change in 


ORIGIN 


Fig. 1.4 
the position is given by 


AB = Final position—Initial position 
=OB-OA 


=Xp—X,° 


We say that the displacement AB of the body is 
(xs-— xa) to the right. The arrow on the top signifies 
that the particle has moved from A to B. 


If the particle moves from B to A, then its dis- 
placement is given by 


BA = Final position—Initial position 
=OA-OB 
= XA—Xg 
=—(Xp—Xa) 


i.e., the displacement of the body is to the left. In 
either case, the magnitude of the displacement is the 
same,i.e., AB = BA but the direction in the second 
case is opposed to that in the first case. The sign of 
the displacement tells us the direction in which the 
body is moving. If the body moves to the right its 
displacement is positive but if it moves to the left, its 
displacement is negative. 


13 SPEED 
When we wake in the moming, it is as if our 


brain is asking "What's happening ?" Our mind 
digests the signals from our senses, and we be- 
come aware of our surroundings. Although these 
mental processes take place without any apparent 
motion, most thingsthat "happen" around us involve 
things moving.Some things move fast and some 
-slowly. To live, just to breathe and walk and talk, 
means motion, and the study of motion, how things 
move and why, isa large part of physics. 


If we just say that something moves, someone 
else will not really know "What is happening?" It is 
one thing torecognize motion but another to describe 
it To describe motion accurately, we use rates. A 
rate tells how fast something happens, or how much 
something changes in a certain amount of time. 
Speed is a measure of how fast something is moving. 
It is the rate at which-distance is covered, and is 
always measured in terms of a unit of distance 
divided by a unit of time. In general, 
distance 

time 

Any combination of distance and time units is 
legitimate for measuring speed ; for motor vehicles 
(or long distances) the units Kilometres per hour 
(km/h) is commonly used. For shorter distances, 
metres per second (m/s) or centimetres per second 
(cm/s) are often useful units. The slash symbol ( /) 
is read as per and means "divided by". Table 1.1 
shows some comparative speeds in different units. 


Table 1-1 


Approximate speed in different units si 


333.3 m/min 
` 667 m/min 


Speed = 


= / 1000 m/min 


1333.3 m/min 
1667 m/min 
2000  m/min 
Instantaneous peed: 
The speed that something has at any one instant 


iscalled instantaneous speed ; that is, how fast some- 
thing was moving at one instant. 


Instantaneous Speed = the rate at which something 
is travelling at a specific in- 
stant (or at a specific point), 

If we say, "At twelve noon my bullock cart was 
moving at 7 km/h" or "As the bike hit the bump, its 


speed was 15 km/h," then you have specified an 
instantaneous speed. 

With just a glance at the speedometer, we can 
get an estimate of our car's instantaneous speed. 
When we say that the speed of a car at some particular 
instant is 60 kilometres per hour, we are specifying 
its instantaneous speed as 60 km/h, and we mean that 
if the car continued moving as fast for an hour, it 
would travel 60 kilometres. If it continued at that 
Speed for half an hour, it would cover only half the 
distance : 30 km. If it continued for only 1 minute, 
it would cover only 1 kilometre. 

Average Speed : 


A car does not always move at the same speed. 
On any trip the speed usually varies somewhat. We 
distinguish between instantaneous speed and 
average speed. The average speed is defined as 
follows : 
total distance covered 
time taken 


Suppose an athlete runs a course that is 3 
kilometres long. He might sprintat the beginning but 
tire and slow down along the way, or even stop to 
tighten a shoelace, so he would not travel at the same 
tate for the entire 3 kilometres, But if he finishes in, 
say 30 minutes, then 

2m. 70.10 km/min - 1.66 m/s is the average 
rate of travel during that time, or his average speed. 
If we travel 320 kilometres in 4 hours, 


total distance covered 


Average speed — 


Average speed = ITER 
G time interval 
320 km 
E RN i 80 km/h 


Since average speed is the whole distance 
covered divided by the total time of. travel, it does not 
indicate the different speeds and variations that may 
have taken place during shorter time intervals, In 
practice, we experience a variety of speeds on most 
trips, so the average speed is often quite different 
from the speed at any instant, the instantaneous speed, 
Whether we talk about average speed or instan- 
taneous speed, we are talking about the rates at which 
distance is travelled. 

If we know average speed and time of travel, 
distance travelled is easy to find. A simple rearran- 
gement of the definition above gives 


Tt would be nice if this Chapter helps you to master these concepts, but it will be enough for you to become familiar with them 
and to be able to distinguish among them. The next few Chapters will sharpen your understanding of these concepts. 
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Total distance travelled 
= Average speed x time 


If the car’s average speed is 60 kilometres per 
hour on a 4 hour trip, for example, the car covers a 
total distance of 60 x 4 = 240 kilometres. 


Table 1-2 


Speeds of some objects 


walking at a steady pace: 


Average speed of sprinter 

P.T. Usha in the 200 

metres dash : 

Maximum speed of a bee [Eque 
Maximum speed of cU] 

cheetah : 


Maximum speed of |152 km/h 
falcon : 

Maximum speed of the|255 km/h 
fastest train in France : 


Wind speed in a light|32 km/h 
breeze : 


Wind speed in a 


hurricane : 
The speed at which the|107200 km/h 
earth goes round the sun : 


~ |Speed of light: 


1 Uniform motion 
Unorm Speed HE a straight line j- 
When a train starts from a station, it moves very 
slowly in the beginning and begins to run fast for 
sometime. As it approaches another station, it first 
slows down before stopping. The motion of the train 


is not the same ali the time. 


Let us consider another example, a cricket ball 
dropped from the roof of a tall building. If we could 
measure the distance travelled by the cricket ball in 
successive one second intervals, we would find that 
the cricket ball travels larger distances in later time 
intervals as shown in Fig. 1.5. 


START 
t=0 
4.9m. 


= 1 SECOND 


14.7m 


t = 2 SECONDS 


IBUILDING: 


24.5m 


-t = 3 SECONDS 


GROUND LEVEL 


Fig. 1.5 Motion of a body along a straight line. 


Another possible arrangement for studying mo- 
tion ina straight lineis showninFig. 1.6. Takea small 
trolly which can move freel ; on a smooth white paper 
strip on the table. A pulley is fixed at one end cf the 
table. A string fixed to the trolly passes over the 
pulley and carries a weight at the other end. A small 
bottle fitted with a stop-cock is filled up with ink and 
is kept on the table as shown in Fig. 1.6. Adjust the 
weight in such a way that the trolly starts moving 
after it is pushed with a small force. Open the stop- 
cock slightly. Drops of ink will leave mark on the 
white paper. Measure the distance between these 
successive drops of ink. You would find that the 
distance between the successive drops of ink remains 
the same [Fig. 1.7(1)] and the motion of the trolly is 
said to be uniform. The distance between two suc- 
cessive drops is the distance covered by the trolly in 
the time-interval between two drops. This time-in- 
terval can be determined by counting the number of 
drops in, say, one minute while keeping the flow the 
same. 


Repeat the above experiment by adding some 
more weight so that the trolly does not require any 
push to start the motion. Measure the distance be- 
tween the successive drops of ink. You would find 
that the distance between the drops of ink does not 
remain the same [Fig. 1.7 (ii)] and so the motion is 


said to be non-uniform. In everyday life, we fre- 
quently experience non-uniform motion such as mo- 
tion of a train described earlier ; motion of a car when 
it starts, covers a Certain distance and stops ; a body 
dropped from a height etc. 


To predict the position of a body at any time we 
need a relation between distance, time and speed. 
Let the body move with a uniform speed v along a 
straight line (Fig. 1.9). Let us measure all distances 
to the right of the fixed point O. If the body travels 


TROLLEY 


PULLEY 


Fig. 1.6 Motion ina straight line. 
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Fig. 1.7 (i) to (iii) 


When a body moves over unequal distances in 
equal intervals of time, it possesses non-uniform 
motion, 


When an object moves through equal distances 
in equal intervals of time, we say that it possesses 
uniform motion and moves with uniform speed. 
This is the special case of motion of a body along a 
straight line. 


from point xi to point xr in time t, then 
Uniform Speed (v) 


— distance travelled _ xr- xi 


time taken t 
or Distance travelled = xg - x; = vt 


or xf=Xi+Ut 


START 1 SECOND 2 SECONDS 3 SECONDS 4 SECONDS 5 SECONDS 


~-..1.4 GRAPHS AND THEIR USES Table 1-3 
A graph is a diagram that shows the relation- Distance that an Object falls in Certain 
ship between variables. In addition to giving a "pic- : Elapsed Times 


ture" of experimental results, they may be used to 
establish formulas and predict new results either 
directly from the graph or by extrapolation. 


xeu [equus 
metre: 
in second 


(Graph of the distance Versus the 
elapsed time that an object falls 


illis 


PA 
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Fig. 1.10 
We shall only consider graphs drawn on a Car- Note that the following information should be 


tesian Coordinate System in which two perpen- included with the graph: 
dicular lines form axes. Each axis is then graduated 1 
into increments representing changes in one of the ^ 
variables. A "data point" is "plotted" at the intersec- 

tion of perpendicular lines from the corresponding — 2. The axes should be fully labelled with numeri- 


There should be a title indicating what the 
graph represents. N 


values of the variables along the axes, A typical graph cal values and the corresponding uhits where 
corresponding to the data in Table of observations 1.3 applicable. The units need not be written with 
is shown in Fig. 1.10. each numerical value provided that they are 


7E The observations of the relevant facts are set out in a tabular form called the table of observations. 
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indicated under a slash showing that each value 
has been divided by the unit. However, when 
values are obtained from the graph, these units 
must be reinserted. The independent variable is 
usually assigned the horizontal axis. 


3. The scales used on the axes should be arranged 
so that the graph takes up as much of the page 
as practical. It is not necessary to choose 
awkward scales merely to use the whole page; 
some discretion should be used. In many 
Cases the values on the axes need not begin at 
zero. 

4. Normally, data points should be joined by a 
smooth, "best-fit" line. However, on occasion 
one or more data points may not fall on the 
smooth line. Check to see if these points have 
been plotted correctly. If they are correct, the 
data may be in error, in which case these points 
may be noted but ignored when drawing the 
smooth line. Some caution is advised when- 
ever data points are ignored. 

5. 1f possible, a formula should be determined 
from the graph rather than from the numbers 
obtained during the experiment because the 
graph effectively averages the results, 
whereas pairs of numbers may be in error. 

If a straight line graph is obtained, we may 
determine the formula from its slope m and intercept 
b with the vertical axis (see Fig.1.11). The slope m 
of a graph is defined as the ratio of the vertical 
‘Change (the rise) to the corresponding horizontal 
change (the run), that is, 

-R yi, rise 

Sorma PR x2-x1 Ax mmn 
(the Greek Capital letter delta, A, is often used to 
represent "a change in"). : 

To minimize errors, use large values of the rise 
and run when the slope is found. 


Ay. 


The general formula is 
y=mx+b 
For example, let us analyze a graph of the equa- 


d= (50 km/h) t+ 20 km 


which represents the distance d of a car from some 
reference position as a function of the elapsed times 
t if it starts (at t = oh) at a point 20 km from some 
reference position. We shall draw the graph for a 
total elapsed time of 4.0 h. By substituting values for 
t in the equation, we may tabulate the distances and 


tion 


RT SEE EET ERES (a) 


Ay = (¥2— Y) 


0 ži ix, x 
Graph of y = mx + b where m = x = slope 


Fig. 1.11 


the corresponding elapsed times(Table 1.4) and the 
graph is illustrated in Fig. 1.12. 


ETEY, 


POSITION (Km) 


ELAPSED TIME (Ys) . . —— = 
(POSITION OF THE CAR FROM SOME REFERENCE 
AS A FUNCTION OF THE ELAPSED TIME) 


Fig. 1.12 
Table 1.4 


Interpretation of the graph: 


Since the graph is a Straight line, the slope is 


constant and it may be found between any two points 
on the line: 


_Tise BC (220 — 70) km 
SI SS 2 
ope m mm AB 30h z 50 km/h 


The intercept b= 20 km ; therefore, the equation 
is 
d=mt+b 
or d= (50 km/h) t+ 20 km 
which is the same as the original: 


Note that other values can be read directly from 
the graph. For example, an elapsed time of 1.5h 
corresponds to a distance of 95 km (Fig. 1.12). 
Similarly, a distance of 145 km corresponds to an 
elapsed time of 2.5 h. 


We can also extrapolate data by extending the 
line beyond the limits given in the table by assuming 
that the equation is still valid. Therefore, for an 
elapsed time of 5.0 h, we would expect a distance of 
270km, and so on. Again, some caution is advised 
when extrapolating data, however, because the graph 
may not be valid for values not indicated. 


Ifa graph of two variables (x, y) is a straight line 
and it passes through the origin (point x = 0, y = 0), 
the intercept b = 0 and Since the slope m 
is constant, y varies directly as x, (y ec x). Whenever 
we manage to produce a straight-line-graph that pas- 
ses through the origin, there is a direct proportion 
between that which is plotted vertically and that 
plotted horizontally. The slope of the graph is the 
proportionality constant. 


1.5  DISTANCE-TIME GRAPH 


Letustake the example of an object moving with 
auniformspeedi.e.,it covers equal distances in equal 


DISTANCE (METRES) —» 


3 


intervals of time. The distance time graph of this 
object is always a straight line (See Fig. 1.12). The 
distance covered by the car (from 1 h to 4 h),i.e., in 
3his represented by the length CB (Fig. 1.12). The 
distance covered from (0 h to 3 h); ie, in 3h is 
represented by the length LN. We can check that 
length CB and the length LN are equal. 


A straight line graph will tell us at a glance that 
the object moves with uniform speed ; whereas in a 
table we would have to calculate distances covered 
in successive intervals to see'if they are equal. 


The speed of a moving object can also be found 
from the distance time graph. For example in Fig. 
1.12 the time taken to travel a distance CB (150 km) 
is shown by AB (3 h). We know that 


speed = distance travelled 


time taken 
CB _ 150km _ 
ABETE ines Sena: 


This is called the slope of the line (m). We can 
now find the speed of any object moving with 
uniform speed by calculating the slope of its dis- 
tance-time graph. For uniform motion it does not 
matter where we draw the triangle ABC. For ex- 


ample, if we draw it at LNM, the ratio ES will be 


CB 
the same as AB’ 
If we plot the distance travelled by a body ina 
given time-interval for the case of a uniform motion 


4 5 6 it 
TIME (SECONDS) ——> 


Fig. 1.13 
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[e.g., case in Fig. 1.7(1)], we geta graph shown in Fig. 
1.13. We note that distance-time graph in this case is 
astraight line passing through the origin. In this case 
the average speed in all time-intervals will be the 
same. z 


If we plot the distance travelled by the body in a 
given time-interval for the case of a non-uniform 


(DISTANCE-TIME GRAPH OF TWO SCOOTERISTS 


motion,e.g., case of a cricket ball falling from a height $ f 
* w 
S; o 
cL ES cL ERE z 
ie 5 
Q 
= a 
w 
m 
E 
w 
E e — l 
w 1 
o 1 
z l 
Éx------ 
2) 1 9 ‘ x 
= 1 TIME (Minutes) — —— — > 
L 
i 
5 


a 


t 
TIME (SECOND) —> 
Fig. 1.14 
or case of Fig. 1.7(ii), we get a graph as shown in Fig. 
1.10 or Fig. 1.14. This graph can be used to find the 
average speed of the body. 


Take four points P, Q, R and S with coordinates 
(X1, t,) GG, t2), (X3, t5) and (x4, t4) respectively in Fig. 
1.14. The average speed in the time-interval (t; — t,) 
is (5 —x) : 
(t,—t) 
Similarly, the average speed in the time-interval 
(x4—x3) 
(4-13) 


Again, the average speed in the time-interval 
(%4=%) 
(ty) ” 

"You will notice that in non-uniform motion the 
average speed in a certain time-interval will be dif- 
ferent from the average speed in the. different time- 
intervals. 


(t4 — t3) is 


(t -tj)is 


Fig. 1.15 shows the distance-time graph of two 
bodies (say scooterists) moving with uniform speed. 
Which of the two scooterists A and B is moving 
faster ? Obviously the scooterist A is moving faster 
as the slope of graph A (i.e., speed) is greater than the 
slope of graph B. 
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MOVING WITH UNIFORM SPEED) 
Fig. 1.15. 


Itshould now be very clear that a distance-time 
graph for a moving object is more efficient in 
describing the motion than its distance-time table. 
Moreover plotting a graph is even more ad- 
vantageous when we want to compare the motion of 
the objects. In order to understand these points let us 
consider the following example : 


; Ashish started from his house at 10.00 a.m. on a 
bicycle. His distance-time table is given in Table 1.5, 


Table 1.5 


Time rile Distance 
10.00 a.m. Okm 
10.15 a.m. 4 km 
10.30 a.m. 8 km 
10.45 a.m. 12 km 
11.00 a.m. 16km 
11.15 a.m. 20 km 
11.30 a.m. 24 km 
11.45a.m. 28 km 

:12.00 noon 32km_ 


At 11.00 a.m. Ashish's friend Akra‘n starts on a 
motor cycle and travels at a speed of 40 km/h. Can 
you find the time at which Akram catches up with his 
friend Ashish ? 


Let us construct the distance-time table of 


Akram’s motion since we know that he is travelling 
at a uniform speed of 40 Km/h. By using the relation 
speed = distance] we can construct the following 
table 1.6 : : 
Table 1.6 
Time Distance 

11.00 a.m. 0km 

11.15 a.m. 10 km 

11.30 a.m. 20km 

11.45 a.m. 30 km 

12.00 noon 40 km 


These tables 1.5 and 1.6 do not directly tell us 
the time and place where Akram overtakes Ashish. 
However, if we draw distance-time graphs of the 
motion of Ashish and Akram [Fig. 1.6], then we can 
use these graphs to find (i) the time at which Akram 
overtakes his friend Ashish? (2) How far were they 
from Ashish's house when they met? (3) What was 
the distance separating the two friends at 11.00 a.m. 
and 11.37 a.m.? If Ashish had travelled at a speed 12 
km/h, would Akram catch him earlier or later? If 
Akram had travelled ata speed greater than 40 Km/h, 
would he meet his friend Ashish earlier or later? (I 
shall advise students to draw these graphs on a graph 
paper and ascertain the above mentioned points by 
using these graphs). From Fig. 1.16 it is clear that 
Akram overtakes Ashish at 11.37 a.m. at a distance 
of 25 Km from Ashish's house. The distance separat- 
ing the two friends at 11.00 a.m. and 11.37 a.m. is 10 
Km. 


1.6 SPEED-TIME GRAPH 
We know that 

distance 
time i 


The distance can also be found using a graph of 
speed and time. If an object moves at uniform speed 
(v) the height of its speed-time graph will not change 
with time. It will be a line parallel to the x-axis as 
shown in Fig. 1.17. 


The distance covered by this body from time t1 
to time t2 is given by 


speed = 


distance = speed x time 
=VX (t2 -t1) 
11 


DISTANCE (Km) ————> 


40 
3 

1 Akram takes 
2 over Ashish 


1 
! 
1 
1 
1 
1 
1 
1 


11.37 a.m. 


10.00 10.15 10.30 10.45 11.00 11.15 11.30 11.45 12.00 
a.m. a.m. a.m. a.m. a.m. a.m. am. a.m. a.m. 


TIME SS 
DISTANCE-TIME GRAPH OF TWO MOTIONS 


Fig. 1.16 
The speed v is represented by the vertical line 
PQ or RS in Fig. 1.18 and the time (t2 - t1) is 
represented by the horizontal line PR. Therefore, the 
distance travelled .can also be expressed as 


Distance = PQ.x PR 


= Area of the rectangle PQSR (shaded 
portion in Fig. 1.18) 


Asanexample, Fig. 1.19 shows tlie speed-time graph 
of a Maruti Car moving with a uniform speed of 60 
Km/h. Let us find the distance travelled by it from 
10.00 a.m. to 10.30 a.m. from the speed-time graph. 


Since, distance travelled = Area of the rectangle 
PQRS 
-. distance = PQ x PR 
- 60 Km/h x 30 min 


-60Km/hx7hz 30 Km 


17 SCALARS AND VECTORS 


In a three dimensional space there are many 
physical quantities that have direction as well as 
magnitude. Such quantities are called Vectors. For 
example displacement, velocity, acceleration, force, 
momentum etc. 


A quantity that has magnitude but no direction 
is called ascalar. Examples of scalars are time, mass, 
speed, temperature, electric charge, volume, density, 
energy, distance etc. 


The magnitude of a vector, a scalar quantity is 


< 


UNIFORM SPEED > 
T 


TIME ————Á— 
(Speed-time graph for uniform motion). 


Fig. 1.17 


UNIFORM SPEED (Km/h) ———— 


15° 9.30 2945 


UNIFORM SPEED ———> 


TIME 
DISTANCE FROM SPEED-TIME-GRAPH 
Fig. 1.18 


10.00 10.15 10.80 10.45 11.00 


9! 9 
AM. AM. AM. AM. AM. AM. AM A.M. A.M. 


TIME |. ——— — 


Fig. 1.19 


called modulus of the vector. The modulus of the 
vector OA (Fig. 1.20) is denoted by | OA |. 


Symbol for a Vector. In print, the symbol for a 
vector is set in bold face type, whereas the symbol 
for a scalar is set in italics. The vector representing 
the displacement between A and B will be printed as 
AB whereas the magnitude of the displacement is 
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printed in ordinary type, in the same mabber as 
scalars. The magnitude of vector AB will be printed 
as AB. In handwriting this distinction is difficult and 
itis convenient to indicate a vector quantity by plac- 
ing an arrow above it; for example the magnitude of 


the displacement AB is, however, represented by AB 
or sometimes | AB | or | && I. 


a DX dm 
NORTH 
WEST EAST tie REPE 
c 


SOUTH 


Fig.120. 
Graphical Representation of Vectors : 


A vector is represented pictorially (i.e., through 
a diagram) by a line that is drawn in the same 
direction as the vector and has a length proportional 
to the magnitude of the vector on some agreed scale. 
An arrowhead indicates one of the two possible 
directions along the line. 


Suppose we want to represent a displacement of 
30 km of a body from west to east. If 1 cm is chosen 
to represent a displacement of 10 km, a line OA, 3cm 
long and drawn from west to cast, with arrow-head 
at A (Fig. 1.20) will represent completely the dis- 
placement of the body. The end where the arrowhead 
is marked is called the head of the vector, whereas 
the other end is called the tail of the vector. Thus in 
(Fig. 1.20), Ais the head and O is the tail of the vector 


OA. 


Similarly a displacement of 60 km from south to 
north could be represented by a line CD from south 
to north with an arrow-head pointing due north and 
a length of 6 cm, if it had been agreed that 1 cm was 
to represent 10 km (Fig. 1.21). 


The negative of a vector is defined as another 
vector having the same length but drawn in opposite 


direction. Thus in (Fig. 1.22) the vector PQ is equal 


in length but opposite in direction to vector QB. In 
other words, the displacements shown in (Fig. 1.22) 
are not the same, though their magnitudes are equal. 


Hence negative of the vector PO is op . This is 
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Fig, 1.21 


P 


Fig. 1.22 
represented by the following relation : 


PQ--g? 
Q?--Pà 


Equal Vectors : 


or 


Two vectors of the same physical quantity are 
equatif they have the same magnitude and drawn in 
the same direction. Fig. 1.23 shows two vectors 


AB and CB which have the same length and are 
drawn along the same direction. Hence they are 
equal, wherever they may be drawn. 


It follows that two equal vectors are represented 
by directed lines of equal lengths parallel to cach 
other. Thus an important property of vectors is that 
a vector can always be displaced parallel to itself 
without in anyway changing it. 


Adding Vectors : 


Adding Vectors that actalong parallel directions 
is simple enough : if they are in the same direction, 
they add ; if they are in opposite directions, they 
subtract. The sum of two or more Vectors is called 
their resultant. To find the resultant of two Vectors 
that are at angles to each other, we use the paral- 
Jelogramrule.Construct aparallelogramwhercin the 
two vectors are adjacent sides ; the diagonal of the 


>E. 


C: 


——>D 


Fig. 1.23 


parallelogram shows the resultant. This is shown in 
Fig. 1.24 where the parallelogram is a rectangle. 


when moving in the opposite direction (say 
westward) must be taken with negative sign. 


Fig. 1.24 


You will learn a more general treatment of vec- 
tors in higher classes. 


18 — VELOCITY 


When a bus moves along a road, its speed is in 
a certain direction. If we wish to combine the two 
concepts, speed and direction, we are speaking of a 
vector. This vector is called the velocity of the bus. 
For example, if we say that a bus is travelling at 30 
km/h, we are giving the speed of the bus. If we say 
that the bus is travelling 30 km/h eastward, we are 
giving the bus' velocity. Knowledge of the speed of 
the bus alone does not tell us where the bus will be 
after some time. At the end of a few minutes, the bus 
may be back on the same spot from where it started. 
Though the bus ran very fast, at the end, its displace- 
ment is zero. Thus it is important to make use of the 
vector nature of velocity of a body. Velocity, the 
vector, is related to speed in the same way that 
displacement is related to distance. 


The velocity of a moving body is the rate of 
change of position of the body in a particular 
direction. 


The velocity of a moving body may also be 
defined as its speed in a particular direction. 


Thus velocity possesses magnitude as well as 
direction. The magnitude of the velocity is speed. 
Any change either in the magnitude or the direction 
or both will change the velocity of the body. If the 
velocity of a body moving in a particular direction 
(say eastward) is taken with Positive sign, its velocity 
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i Since velocity of a body is displacement per unit 
time so if a body undergoes a dis lacement Sina 
ume-interval, t, then its velocity v’is given by 

=> S 


v= = 
t 


wa (1) 


Units : 
The units of velocity are the same as those of 
speed 
i.e., m/s (or ms!) ; cm/s (or ems 3) 8 
km/h (or kmh, 
Suppose that the Rajdhani Express traverses a 


distance of 60 km in one hour towards north, then, 
its 


distance 
time 


velocity = 
__60km 
- one hour 


_ 60x 1000 
~ 60x60 


= 16.6 ms ! towards north 


= 60 km/h towards north 


ms 


If a body not only traverses equal distances in 
equal intervals of time, however, small these inter- 
vals may be, but also continues to move in the same 
direction, it is said to possess uniform velocity. 


The equation (1) will hold provided the rate of 
change of displacement during the time-interval, t, is 
uniform. 


In practice, however, the velocity of a body is 
seldom uniform over large periods of time. The earth 
is no doubt rotating with a uniform speed about its 
axis but at every instant it is changing its direction. 
Its velocity is, therefore, not uniform but variable. 
Similarly, the speed as well as the direction of an 
aeroplane may undergo changes during ifs journey 
between two airports. 


A body is said to move with variable velocity. 


() If it traverses equal distances is unequal 
intervals of time, direction remaining same 
Or not, or 


(i) If it traverses unequal distances in equal 
intervals of time, direction remaining same 
or not, or 


START 1 SECOND 


2 SECONDS 


velocity includes direction. There are two extreme 
categories of situations involving accelerating mo- 
tion : Motion along a straight line ata changing speed, 
and motion at constant speed but with changing 
direction. The two, of course, could be combined. 


Acceleration is defined as the rate of change 
of velocity i.e., change in velocity per unit time. 


If the velocity increases, the acceleration is posi- 
tive. On the other hand, if the velocity decreases, the 
acceleration is negative. Negative acceleration is also 
called retardation or deceleration. 


Acceleration is a vector quantity as it involves 
magnitude as well as direction. 


Acceleration (along a straight line) 


Change in velocity 
Time taken 


3 SECONDS 


Fig. 1.25 (The car is moving faster and faster. This is acceleration) 


(ii) If it traverses equal distances in equal inter- 
vals of time but continually changes its 
direction. 


The velocity of a body at any given instant of 
time is known as its instantaneous velocity. It gives 
two pieces of information, the speed at that instant of 
time and the direction of motion at that instant of 
time. 


19 ACCELERATION (NON-UNIFORM 
MOTION) 
If an object is not moving at a constant speed in 


a straight line (that is if the velocity is not constant), 
itis said to be accelerating. Remember that the term 
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If u? be the initial velocity of a body and v? be 
its final velocity after time, t, then its acceleration à? 
is given by 


' The unit of acceleration is Unitotvelocity If 
Unit of time 


velocity is expressed in m/s, then the unit of accelera- 
tion is m/s“ or ms *. It is read as metre per second 
Square or metre per second per second. Other unit is 
cm/s” or cms ~ 


The earth attracts every body lying on or near its 
surface towards its centre and the acceleration 
produced in the body is known as acceleration due 
to gravity (g). Its value is 9.8 ms* = 10 ms”. Ifa 
body moves vertically upwards, then its acceleration 


is-9.8 ms 


110  VELOCITY-TIME GRAPH 


The nature of motion of a body can be better 
depicted by means of graphs. 


Let us consider the motion of a body whose 
velocity at different times is given below : 


Take any point O as origin and represent time 
along OX and the corresponding velocity along OY. 
Plot the points showing velocity of the body at dif- 
ferent times. The curve passing through these points 
is called velocity-time graph (Fig. 1.26). 


Y 


VELOCITY (m/s) —> 


O 2 4 6 8 


The graph consists of two parts OA and AB. The 
part OA shows that the velocity increases with time. 


MA NP 
OM ON is called the slope of the curve. 
Since NP is increase in velocity in time ON, there- 


The ratio—— 


x measures the rate of change of velocity or 
acceleration. Thus, the acceleration is given by the 
slope of the ECN graph. 


fore, 


Since NE ON MA, 


is uniform in the part OA of the curve. During the 
time OM, the body is said to have uniformly ac- 
celerated motion. The graph OA between velocity 
and time for uniformly accelerated motion is a 
straight line. 


, it is clear that the acceleration 


The second part of the curve, AB, is parallel to 
the X-axis and, therefore, its slope is zero. Hence, 
there is no acceleration and the body moves with 
uniform velocity. 


A body is said to move with uniformly ac- 
celerated motion or uniform acceleration if its 
velocity increases gradualy i.e., increases by equal 


10 12 14 16 X 


TIME (Seconds) 


Fig. 1.26 
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Fig.1:27 Non-uniformly accelerated motion. 


(i) Motion ofa scooter going down the road on 
a hill when the petrol is off and the air 
resistance is negligible. 


(ii) A steel ball rolling down an inclined plate 
of glass. 


(iv) A moving car whose speed increases equal- 
ly in equal intervals of time along a straight 
road. 


` A body is said to move with non-uniformly 
accelerated motion if its change in velocity in suc- 
cessive equal intervals of time may not be the same. 
The velocity-time graph for such a motion may have 
any shape (other than a straight line) as shown in Fig. 
127. 


Let us discuss some more velocity-time graphs 
as shown in Fig. 1.28. 
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(iv) (v) 
Fig. 1.28 


amounts in equal intervals of time, however small 
these intervals may be. 
Examples of uniformly accelerated motion are : 
( A body falling freely under the action of 
gravity. 


l.  Velocity-time graph AB [Fig. 1.28 (i)] repre- 
sents that the body has uniform velocity 
throughout its motion. 


2.  Velocity-time graph AB [Fig. 1.28 (ii)) repre- 
sents that a body has some initial velocity OA 


CC 


and it is moving with uniform acceleration. 


The graph OC represents that the body starts 
from rest and it is moving with uniform ac- 
celeration. 


3.  Velocity-time graph [Fig. 1.28 (iii)] represents 
that the body has some initial velocity OA and 
itis moving with uniform retardation (negative 
acceleration). 


4.. Velocity-time graph AB [Fig. 1.28 (iv)] repre- 
sents that the body has an initial velocity OA 
and it is moving with uniform retardation. At 
the point B, the velocity of the body is zero. 
"The graph BC represents that the body is 
uniformly accelerated. If a body is projected 
vertically upwards with some initial velocity 
and it comes back to the same point, velocity- 
time graph is similar to the graph ABC. 

5. Velocity-time graph OA [Fig. 1.28 (v)] repre- 
sents that the body starts from rest and is 
uniformly accelerated. At A its velocity is 
maximum. The graph AB shows that the mo- 
tion is uniformly retarded. At B its velocity is 
Zero. 


If a perfectly elastic ball is dropped from a 
certain height on a highly smooth and hard 
surface and if the ball rebounds upwards to the 
same point, then its velocity-time graph is 
similar to the graph OAB. 


6. The velocity-time graph [Fig. 1.28 (vi)] repre- 
sents that a body has an initial velocity OA. 
AB represents uniformly accelerated motion, 
BC represents uniformly retarded motion, CD 
represents uniform velocity, DEF represents 
that the velocity is variable and non-uniformly 
accelerated or retarded. 


1.11 CIRCULAR MOTION 
(With uniform speed) 


Until this section in this Chapter, we have dis- 
cussed motion in a straight line only. However, 
motion in a circle is extremely common and is of 
great importance. It is this type of motion which we 
shall discuss in this section. 


When the velocity of an object changes we say 
that the object is accelerating. This change could be 
a change in the speed or a change in its direction of 
motion or both, Can we think of an example where 
an object does not change its speed but only its 
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direction of motion ? Let us study an example of this 
type of motion. 


Fig. 1.29 shows an athlete running on a track 
which has the shape of a regular hexagon. 


D E 
C F 
A 
Fig. 1.29 An athlete running along a hexagonal 
track, 


Let us assume that the athlete runs at uniform 
speedon the straight parts (AB, BC, CD, DE, EF,FA) 
of the track and at the turns he quickly changes his 
direction of motion to stay on the track, but does not 
change his speed. It is to be noticed that to move on 
a hexagon track, the athlete has to change his direc- 
tion of motion six times. What if the track were not 
a hexagon but a regular octagon with eight equal 
sides as shown in Fig. 1.30 (a). To Stay on the track, 
the athlete will have to turn eight times. As the 
number of sides of the track increases, the athlete has 
to turn more and more often. If the track has 16 sides 
instead of eight, the athlete would have to change its 
direction 16 times to stay on the track [Fig. 1.30 (b)). 
What would happen to the track as we go on increas- 
ing the number of sides indefinitely ? It will be 
noticed that the shape of the track will approach the 
shape of a circle [Fig, 1.30 (c)] as a circle is a 
polygon with infinite sides. To run on this circular 
track, the athlete will have to change his direction of 
motion at every instant of time. 


We conclude that motion in a circle at constant 
speed is an example of accelerated motion, the 
acceleration being due to only the change in the 
direction of the velocity, its magnitude (i.e, speed) 
remaining constant. 


Fig. 1.31 showsa ball attached toa string being 
whirled round in a horizontal circle. The ball moves 
with a uniform speed in a circular path of radius OP 
about O. Such motion is uniform circular motion, 
or the motion of an object at constant speed along a 
curved path of constant radius. 
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POLYGON OF 
8 SIDES 
(a) 
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Fig. 1.30 
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Fig. 1.31 
Examples 


(i) A car travelling round a circular bend ona . 


perfectly level road with uniform speed 
(Fig. 1.32) 

(ii) Whirling a hammer in a circle by an athlete 
before throwing it (Fig. 1.34). 


(iii) Cyclist negotiating a curve. 
(iv) An aircraft looping the loop (Fig. 1.33). 


As the ball shown in Fig. 1.31 moves in a 
circular path with constant speed, its direction is 
continually changing. P and Q represent two succes- 
sive positions of the ball moving with uniform cir- 
cular motion about point O. 


The velocity vector Vp indicates the velocity of 


the ball when at point P, and the velocity vector Vo 
indicates its velocity at point Q. The velocity vectors 
are tangents to the circle respectively at P and Q, and 
are thus perpendicular to the respective radii OP and 
OQ. If the ball is released when it is at P, it will fly 
off along the tangent to the circle at P. Similarly, if 


the ball is at Q when released, it will fly off along the 
tangent at Q. Thus while the velocity of the ball does 
not change in magnitude, it does change in direction. 
Thus one of the characteristic features of circular 
motion is that the direction of motion of a body 
changes continuously with time. Because the 
speed of the ball in its circular path is uniform, the 
velocity changes uniformly and the ball undergoes 
uniform. acceleration. Thus circular motion is an 
accelerated motion, even though the speed of the 
body remains constant. Since this acceleration chan- 
ges only the direction of the velocity and not its 
magnitude, the acceleration must always be perpen- 
dicular to the velocity. The acceleration is directed 
toward the centre of the circle. Acceleration directed 
toward the centre of a circle is called centripetral 
acceleration. The word centripetal means “directed 
toward a centre". 


112 RELATION BETWEEN LINEAR 
AND ANGULAR VELOCITY 


To find the speed of a body in circular motion, 
let us suppose that the ball moves with constant speed 
v in a circle of radius r (Fig. 1.31). Let the displaces 
ment of the ball during the time, t, is the arc PQ of 
length, /. Then its speed, v, will be 

l 
v=- 
t 
or l=vt «= (1) 


Ifthe angle subtended by the arc PQat the centre 
O of the circle is 0 radians, then by the definition of 
the angle, we have 


Quod 
r 


or (2) 
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@ CIRCULAR PATH 


Fig. 1.32 Car negotiating a curve. 
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Fig.1.33 Anaircraft looping the loop. 


Fig.1.34 An athlete whirling a hammer in a circle, 


From equations (1) and (2), we have 
rz w^ 


e 


isi: + (3) 


In uniform circular motion of a body, the quan- 
tity Sis called the angular velocity of the body. 


or 


Thus angular velocity is defined as the angle 
described by a body per unit time in uniform circular 
motion. 


It is usually denoted by the Greek letter w 
(omega). 
Thus angular velocity © = H ... (4) 


‘The angle described by the body in one complete 
revolution in uniform circular motion is 27 radians, 
If Tis the time taken to complete one revolution, then 


+ (5) 


If the particle makes nrevolutions in one second, 
the angular velocity 


6) 


The unit of measurement of angular velocity is 
the radian per second or rad/s orrads 


From equations (3) and (4), we have 


nun) un () 
r 


or [vs or] (8) 


~ Speed of the body in circular motion 
= angular speed x radius. 


It must be noted that if the body has non-uniform 
circular motion e.g., motion of a minute hand in a 
mechanical clock, then we talk about the average 
angular speed of the body. 


113 DISTANCE FROM SPEED-TIME 


GRAPH 


We have learnt earlier in this Chapter that the 
distance travelled by a body moving with a uniform 
speed in a giventime interval can be found in the 
followig two ways : 

( Distance travelled = Speed x time taken 

(ii) Distance travelled = Area under the speed- 


| 2 time graph for the 
| given time interval. 


For example, in Fig. 1.18, the area of the rec- 
tangle PQSR (shaded) is the distance travelied in that 
interval. 


In the case of non-uniform motion (i.e., for ob- 
jects which do not move with uniform speed), we can 
| no longer use the equation 

Distance travelled = Speed x time interval be- 
| cause in this case the speed changes with time. How- 
| ever, in the second equation 

Distance travelled = Area under the speed-time. 
| graph for the given time 
| interval 


SPEED (ms) 
np 
eo 


0 1 2 3 


can be used even for objects moving with 
changing speeds. Let us try to understand why this 
is so. 

We treat the speed-time graph in a manner 
similar to the way in which we studied an object 
moving in acircle. There we discovered that a circle 
is nothing but a polygon with infinite sides. Let us 
start with a speed-time graph shown in Fig. 1.35. The 
graph shows that the speed of the object increases in 
steps. The body starts a time t = o with a speed of 5 
ms! which remains constant upto time t= 1s when 
it abruptly increases to 10 ms. 


The speed remains 10 ms upto t = 2s when it 
increases by another 5 ms i! and so on. Thus, during 
the first second, speed is constant at 5 ms ^ 4 ! during 
the second second speed is constant at10 ms” during 
the third second speed is constant at 15 ms ! and so 
on. Let us find the total distance travelled by the 
body during the first six seconds. To find this dis- 
tance we add up the distances covered in each second 
upto the 6th second. 


Referring tc Fig. 1.36, we have, 


oS T à 
Baw... 21s Se 
[v Ba BENE; 3 


4 5 6 PV UB 
TIME (Seconds) ————— — —3»- 
SPEED-TIME GRAPH SHOWING STEP-WISE INCREASE IN SPEED 


Fig. 1.35 ERR TWH IPR 
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m 
E 
a 
w 
w 
G 
7 -8 
TIME (Seconds) ——————— —5»* 
COMPUTING DISTANCE TRAVELLED WITH A SPEED-TIME GRAPH 
Distance travelled in the Fig. 1.36 
FIRST second (0 —1s) = area of the rectangle 6 seconds = Area of [POBQ + RBCS + TCDU + 
POBQ : VDEW + XEFY + ZFGA] 
Distance travelled in 7 Total area under the graph between 


the SECOND second (1s — 2s) = area of the 
rectangle RBCS 


Distance travelled in 


the THIRD second (2s —.3s) = area of the 
rectangle TCDU 


Distance travelled in 


the FOURTH second (3s — 4s) = area of the 
rectangle VDEW 


Distance travelled in 


the FIFTH second (4s — 5s) = area of the 
rectangle XEFY 


Distance travelled in the 


SIXTH second (5s — 6s) = area of the rectangle 
ZFGA 


.. Total distance travelled in 
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0 & 6s. 
This area is shown shaded in Fig. 1.36. Thus, 


` we have shown that even if the speed changes in the 


manner shown in Fig. 1.35, the total distance 
travelled is still given by the area under the speed 
time graph for the given time-interval. 


Now just as a circle can be thought of as a 
polygon with an infinite number of very very small 
sides, a straight line can be considered to be like a 
staircase with a large number of very very small steps 
as shown in Fig. 1.37 and Fig. 1,38. As the number 
of steps increases and the size of each Step decreases, 
the staircase begins toresemble the straight line more 
and more. This is the speed-time graph of a uniform- 
ly accelerated motion. The result that 


Distance travelled = Area under the speed-time 
graph 


has been proved for a staircase speed-time graph. It 


must hold for a straight line also. After all, the 
straight-line is nothing but a staircase with a very 
large number of steps, each step being of very very 
small size. 


Therefore, even though we cannot use the equa- 
tion 1 
Distance = Speed x time 


SPEED (m/s) —————— 


TIME (Seconds) —————5- 
[A straight line graph may be considered to be a 
strae Fig. 1.37 


for an object whose speed changes with time, we can 
still use the result 


distance = area under the speed — time graph 


for both uniform and non-uniform motion. 


We shall use this method to find distance from a 
speed-time graph. 


EQUATIONS OF UNIFORMLY 
ACCELERATED MOTION IN A 
STRAIGHT LINE (Graphical 
Method) 


Motion of a body along a straight iine is called 
rectilinear motion. Leta body move along a straight 
line with a uniform acceleration. There exist some 
relations between displacement, velocity, uniform 
acceleration and the timc-interval during which we 
study the motion ofa body. These relations are called 
equations of motion of the body. 

ile deriving these equations of motion, we 
aeu n ERE of motion of the body tobe fixed 
and hence we will only consider the magnitudes of 


1.14 
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the vectors (displacement, velocity and uniform ac- 
celeration) involved. 


Consider an object moving with a uniform 
velocity u ina straight line. Let it be given a uniform 
acceleration a at time t = 0 when its velocity is u 
which we shall call the initial velocity. As a result of 
the acceleration, its velocity increases to v in time t. 
The velocity v will be called the final velocity. Let 


SPEED (m/s) 


TIME (Seconds) —————>- 


Fig. 1.38 


S be the displacement (i.e., the distance travelled in a 
straight line) of the object in time t. 


Fig. 1.39 shows the velocity-time graph of the 
motion of the object. We shall use this graph to 
obtain the equations of motion i.e., the relations be- 
tween the quantities u, v, a, s and t. 


First Equation of Motion (Relation between uU, V, 
a&t): 


We have learnt that the slope of the velocity-time 
graph gives the acceleration of the moving object. 
Thus, 


] R 
Acceleration = QR 
celeration a PR 


Now, QR = QB -RB 2 (v- u) 
and PR= OB =t 


distance travelled and the total time taken using v= 


i for each segment of the trip, and then for the totals. 


Total distance travelled = v1 t1 + v2 t2 
= 80.0 x1.50+50x 0.50 


= 145 km 
Si erga Total distance travelled 
Tei, Mig, wee otal ice ey 
2. 145 km 
~ (L50-- 0.50) h 


ay 


Determine (i) the average speed and (ii) the 
average velocity of an automobile if it travels a total 
distance of 165 km in 3.0 h and its final position is 
138 km due south of its Starting point. 


Example 5 : 


Solution : 
() Here, 
S — 165 km: 
t=3.0h 
average speed v = ? 
Now, average speed = v = 3 = “oun 


(ii) Here, displacement $?- 138 km south 
time t=3.0h 


average velocity v? ? 


; h Displacement 
Since, average velocity v? = ais Fea 


138km south 
EE 
=[46.0 km/h south 


A car travels 30 km ata uniform speed of 40 
km/h and the next 30 km at a uniform speed of 20 
km/h.. Find its average speed, 


Example 6 ; 
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Solution : 
We know that 


distance travelled 
speed = — — ——eve'eo 
Li time taken 


or time taken = distance travelled 


speed 
~. Time taken to travel the first 30 km (t1) 
-30km 
40 km/h 
=0.75h 
<- Time taken to travel the next 30 km. (t2) 
.,.30 km 
20 km/h 
=15h 
<- Total time taken = t=ti+t2 
=0.75h+ 15h 
-225h 
Total distance travelled = s = S; S; 
=30km +30 km 
= 60 km 


Hence, average speed 


E Total distance travelled (s) 
Total timc taken (t) 


LOED nore 60km 
(t, +t) 205% 


Example 7: 


Ona 60 km track, a train travels the first 30 ikm 
at a uniform speed of 30 km/h. How fast must the 
train travel the next 30 km so as to average 50 km/h 
for the entire trip ? 


Solution; 
á Given, 
Distance = s, =30 km 


} For first segment of 
Speed = v; = 30 km/h 


the trip 


Distance = s, = 30 d For next segment of 
Let speed ='v, km/h the trip 


Average speed = 50 km/h for the entire trip. 


Now, time taken to travel the first 30 km 
30 km 


=4=30 km/h 
=h 
and time taken to travel the next 30 Km = t2 


_ 30km 
~ v, km/h 


Since, average speed 
_ Total distance _ Si+S2 
- Totaltime taken — ti-t2 


. _ (80-30) km 
=. SOkm/h = 30 


or 50= 


or ofi 2-00 
V2 
or —=10 


Sv = 


Example 8 : 

A train is travelling from a station P to a station 
S, stops at stations Q and R as shown in the following 
table. Find the average speed of the train between P 
and Q, between R and S, and for the whole journey. 


Station Distances from P 


Solution : 
Now, Time taken from P to Q= 1h 10 min 


e 
rm 


Distance from P to Q= 84 km 
-. Average speed from P to Q 


X distance from P to Q 
time taken from PtoQ 


- Hin =|72 km h! 


Again, distance from R to S = 77 km 


Time taken from R to S = 55 min -34 


-. Average speed from R to S 
.. Distance from R to S 
. Time taken from R to S 
_77km 
MSS 
Zn 
60 


- [HET] 


Total distance for the whole journey = 247 km 
Total time taken for the whole journey = 3 3 h 


«<. Average speed for the whole journey 


_ Total distance travelled 
~~ Total time taken 


Example 9 : 


The distances S travelled by a particle at times t 
are as shown in the following table : 


Draw the distance-time graph corresponding to 
these values and from this graph determine the. speed 
of the particle in the time-interval t = 3s and t = 7s. 
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Solution : 


The distance-time graph corresponding to the 
values given in the above table is as shown in Fig. 
1.40. 


8 


8 
9 
2 
3 


SINMETRES. ———— — 


10 


Fig. 1.40 


We have learnt that the slope of the graph gives 
the speed of the particle. 


Now the slope of the graph drawn in Fig. 1.40 in 
the time interval t = 3 seconds and t = 7 seconds is 
given by 7 


_ 24 metres 
~ 4 seconds 


= 6 metre/second 


Hence the speed of the particle in the time inter- 
val t23.5 and t 7 sis 6 m/s. 


Example 10 : 


Acar starts from A and travels 10 km due west, 
20 km north-west, and 30 km due north. Find its 
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distance and bearing from A. 


How long will it take to return to A direct at an 
average speed of 50 km/h ? 


Solution : 


Let us choose a scale so that 1 cm represents 10 


NORTH 


Fig. 1.41 


In Fig. 1.41, AB represents the displacement of 
the car from the point A due west BC represents the 
displacement of the car due north-west(i.e.,45° west 
of north) and CD represents the displacement of the: 
car due north. A is the ng point of the car and D 
is the end point. Thus represents the resultant 
displacement of the car from point A. Distance of the 
car from A is the magnitude of the displacement iD 


On measurement, AD = 5 cm 
z 50km 


~. the distance of the car from A to the end point 
= 50km 


Since the line AD makes an angle 0 = 28° 40’ 


with the north, hence the displacement AD of the car 
is 50 km, 28? - 40’ west of north. 


distance covered 

time taken | 

distance covered (AD. 
speed 


_ 50km 
= 50 km, 


Eih) 


Now speed = 


-. Time taken = 


Example 11: 


Fig. 1.42 shows the distance-time graphs of two 
moving trains P and Q. Which graph has a greater 
slope ? Which of the two trains is moving faster ? 


E 


3 


40}-—-------f---~~ 


DISTANCE (Motes) ———————- 
Ej 


s 
pre SN L——-— 


ú 1 2 3 4 5 6 7 B 
TIME: (Seconds) ———— — — —*- 


Fig. 1.42 
Solution : 
Slope of graph of train 
P= AC _63m-10m 
"pc 4s-0s 
A sm = 1325 ms” 
BC 


-40m-10m 
4s-Os 


— 30m 
4s 


= 7.5 ms* 
Hence, slope of graph P is greater than that of 
graph Q. 


Since, slope is equal to the speed, the speed of 
train P is 13.25 m/s while speed of train Q is 7.5 ms”. 
Thus the train P is moving faster than the train Q. 


Example 12: 


Fig. 1.43 shows the distance-time graph of three 
tongas A, B and C. On the basis of the graphs, answer 
the following questions : 


(a) Which of the three tongas is travelling the 
fastest? Which of the three tongas is travelling 
the slowest ?, 

(b) Are ali three tongas ever at the same point on 
the road ? 

(c) When tonga A passes tonga C, where is tonga 
B? 

(d) How far did tonga A travel between the time it 


possed tongas B and C ? 


Solution : 

(a) In order to find out which tonga is travelling 
the fastest and which is travelling the slowest, 
we calculate the slope of the graph of each 
tonga as the slope gives the speed of the tonga. 


~. Speed of tonga A — slope of the distance—time 
graph of tonga A 


DE 13km -6km  7km 
=E ^ ^ lL6h-O0h ^ 16h 
24.37 km/h 


Speed of tonga B = Slope of the distance-time 
graph of tonga B 


_ GH 
— FH 
.lL6km = 6km _ 5.6km 
12h- 0h — 12h 
= 4.67 km/h 
Slope of tonga C = Slope of the distance —time graph 
oftonga C 
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DISTANCE (Km) 


= 11.67 km/h 


It is clear that tonga C having speed 11.67 km/h 
is the fastest and the tonga A having speed 4.37 km/h 
is the slowest. i 


(b) The three tongas are never at the same point on 
the road because all the three graphs do not 
intersect at any one point [Fig. 1.43]. 


(c) TongaA passes tonga C at time = 0.6 h(see Fig. 
1.43). We notice from the graffh of ton ga B 
that itis 6 km from the origin 0 at time = 0.6 h. 


(d) Tonga A passed tonga c at time = 0.6 h and 
passed tonga B at time = 1.2 h. 


Now, the position of tonga A at time 1.2 h = 
11.6 km from origin 0. The position of tonga A 
at time 0.6 h = 6 km from origin 0, Hence 


between time 0.6 h and 1.2 h, the tonga A 
travelled a distance = 11.6 km—6 km 


Example 13: 


Fig. 1.44 is the distance-time graph of an object. 
Do you think it represents a real situation ? If so, 
why? 


3 


DISTANCE (Km) 
$ 


8 


0 2 4 6 8 10 12 14 
TIME (Hours) ——____ 


Fig. 1.44 
Solution : 


Refer to Fig. 1.44 OP of the graph indicates that 
the object starts from the origin at time-0 and tr vels 
90 km in 4h. The object then comes to rest upto 
10 h as indicated by the portion PQ. The motion 
between 10 hours and 14 hours Tepresented by the 
portíon RQ does not represent a real sitution. The 
reason is that at a certain instant of time between 
10 h and 14 h (say at 13 h), the object occupies two 
positions 60 km and 90 km which is not Possible, 
An object cannot be at two different positions at the 
same time. Hence, the graph of Fig. 1.44 does Not 
represent a real position. 


Example 14 : 


The following is the distance-time table of a 
moving car : 


(a) Draw distance-time graph of the car. 
(b) When was the car travelling at the greatest 


[Time — [1005am. [10.25 a.m. [1040 am. 10.50 a.m. 11.00 am. [11.10am. [11.25 am. ]11.40.am,] 
Distance [0 km _ [5km — lizkm  p2km. Dekm 28km [38km [42 km | 
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DISTANCE (Km) 


í 
l 
[ 
| 
l 
1 
l 
j 
l 
l 
1 
| 
| 
1 
l 


10.40 . 10.50 1100] 1140. 
1005 1025 10.45 dS UE 1145 
TIME (Hours) | — —— — ——?- 
Fig. 1.45 
2 - 5 
speed ? e 2S =m a Xd = 20 Km, 
(c) What is the average speed of the car? ? 2 
(d) What is the speed between 11.25 a.m. and The speed of the car during the interval 11.10 
11.40 a.m.? a.m. to 11.25 a.m. 
(e) During a part of the journey, the car was forced = € E ot = = 66.67 Km, 
to slow down to 12 Km/h. At what distance i | 
did this happen? The speed of the car during the interval 11.25 
;  42km-38Km _ 4km 
oe $ a.m. to 11.40 a.m. saeson Oh 
a 
(b) The speed of the car during the interval 10.05 = 26.67 Km/h. 
a.m. to 10.25 a.m. = distance . 5Km Thus it is clear that the greatest speed attained 
Time 0.20h by the car is 100 Kmih during the interval 10.40 a.m. 
= 25 Km/h : to 10.50 a.m. 
i i Total distance travelled 
Th ed of the car during the interval 10.25 on SAE IS UNUM 
e spe g (c) Average speed Total ne taken 
12Km-5Km _ 7Km c 
am.tolü40am.-- pish = 015h Now, total distance travelled = 5Km + 7Km + 
= 46.67 Km/h. j 10 Km +4 Km +2Km + 10 Km + 4Km = 42 Km 


The speed of the car during the interval 10.40 
a.m. to 10.50 a.m. 


_ 22Km - 12Km 
n 0.10 h 0.10h 


The speed of the Car during the interval 10.55 
a.m. to 11.00 am. 


26Km-22km | 44m _ 
7 so  O.0h E 


The speed of the Car during the interval 11.00 
a.m. to 11.10 a.m. 


10Km = 100 Kn 


4Km 
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Total timetakenz 0.20 h 4- 0.15h - 0. 10h -- 0.50h 
4- 0.10h + 0.15h + 0.15h = 1.35h 


í _ 42Km . [313 Km/h] 
-. Average speed = 135h ^ 31.3 Km/h 
(d) Slope of the graph between 11.25 a.m. and 
11.40 a.m. = zm 
40am. =op 
-4Km 
~ 0.15h 


= 26.67 Km/h 


^. Speed of the Car between 11.25 a.m. and 


11.40 a.m. = Slope = 26.67 km/h 


(e) Since the speed ofthe car is8 km/h at 11.00 
a.m. and 20 km/h at 11.10 a.m. so the speed 12 
km/h of the carisduringtheinterval from 
11.00 a.m. to 11.10 a.m. 


From the graph we find that at 11.05 a.m., the 
distance of the car is 27 km from the origin O 
when it started at 10.05 a.m. 


Example 15 : 

Acartravellingat20 km/h speedsup to 60 km/h 
in 6 seconds. What is its acceleration? 
Solution : 

Initial speed of the car (u) = 20 km/h 

Final speed of the car =.= 60 km/h 

Time taken = t 2 6 seconds 


Acceleration = a =? 


Now, ae 1 = (60 2000 
— h 


= 24000 km/h? 
= 1.85 m/s? 


Example 16 : 


A train is travelling at a speed of 90 kmh”. The 
brakes are applied so as to produce a uniform ac- 
celeration of — 0.5 m/s”. Find how far the train goes 
before it stops. 


Solution : 
We are given, 
Initial velocity of the train 
=u=90 km/h 


-90x 1000 
3600 


=25 ms? 
Retardation (negative acceleration) 


=a=-0.5 m/s” 
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Final velocity 
of the train = v =0 
Distance covered = S = ? 
Since v°-u=2aS 
(0) - Q5y = 2 (- 0.5) X'S 


625 ts 
2x 05 


S$ = 625 m. 


or Sz 


Example 17: 


A motor makes 500 revolutions in 5 minutes. 
What is its angular velocity ? If the radius of the 
wheel is 1 metre, find its linear velocity. 


Solution : 


Here, the angle described by the motor in 5 
minutes 


= 500 x 2m = 1000 z rad 


à 1000 x 
Angular velocity = = =~~ T 
PES Driven 


_10n 
c rad/s 


and linear velocity = v =r w 


n 107 
=1x Dy) 


10. 22 
Si ae 


= 10.47 m/s 


The speed-time graph of the motion of a car is 
shown in Fig. 1.46. Find the accelerations of the car 
during the given interval. Also find the average 
speed throughout the interval. 


=1x 


Exmaple 18 : 


Solution : 
Since OA is a straight line, the acceleration of 
the car in the first 30:sis uniform and of magnitude 


66-2. AN 
30 ms “i.e, the slope ON' 


For the next 30 s the speed is 66 ms” throughout 
and the acceleration is, therefore, zero. 


From the instant t— 60s tothe instant t = 80s the 


SPEED (m/s) ——> 


TIME (Seconds) 


= are eo 


Fig. 1.46 
Solution : 


speed falls from 66 to 36 ms” and the acceleration 
is uniform and of magnitude 36 EG: m/s e -1.5 


ms. 


For the last 20s the acceleration is again uniform 


but of magnitude — 20 ms” ,i.e„ the slope MD ` 


The total distance travelled is represented by the 
area under the speed-time curve, and hence equals to 
area of triangle OAN + area of rectangle NABL + 
area of the trapezium BLMC + area of triangle CMD 


= 730% 66 + 30 x 6641520. (66 + 36) + 
$%36%20 


= 4350 m 
-. Average speed throughout the interval 


= Total distance travelled 
— . Total time taken 


Example 19 : 

A driver of a car travelling at 52 km/h applies 
the brakes and decelerates uniformly. The car stops 
in 5 seconds. Another driver going at 34 km/h 
applies his brakes slower and stops after 10 Seconds. 
On the same graph paper, plot the speed versus time 
graph for two cars. Which of the two cars travelled 
farther after the brakes were applied ? 
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Fig. 1.47 shows the speed-time graph of two 
cars A and B. 


Distance travelled by car A before stopping (sı) 
= area of triangle DOF 


=} x base x height 
= 7X OFxOD 
= 3x5 sx S mst (as sa km 
i _ 52000 m 
. 3600s 
[SUNT 
» 5 9 w ) 
=36.1m 


Similarly, distance travelled by car B before 
stopping (S2) 
= area of traingle EOG 


-3x10sx 8 ms ! (as 34 km/h. 


= 34000 m 
- 3600s 


-47.2m 


) 


60: 


a g 


SPEED (Km/h) ————— —— — > 


10 


Hence car B travelled farther after the brakes 
were applied. 


Example 20 : 


(i) What is the final speed of an object, and (ii) 
how far does it travel while accelerating if its initial 
speed is 10.0 m/s and it accelerates at 8.0 m/s? for 
5.00 seconds ? 


Solution : 


Given, 

Initial speed = u 210 ms? 
Acceleration = a = 8.0 ms? 
Time-t- 5.00 s 
Final Velocity = v=? 


Distance covered = S =? 


The continuous change of position 
Rest and motion are relative. 


5 6 7 


TIME (Seconds) —— ——————————»- 


Fig. 1.47 


(i) By using the equation of motion, 


v=utat 
We have, 


v = 10 ms" + (8.0 m/s’) (5,00 S) 


(ii) By using the equation of motion 


ld 


Szut*za 


2 


We have, 


S = (10 ms?) (5.00 s) + È (8.00 m/s?) (5.00 s}? 


SUMMARY 
of a body with ri 


specified direction is called its displacement. 
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espect to another is called motion. 


The change in the position of a body in a particular 


"3 


10. 


11. 


12. 


13. 
14. 


15. 


Distance is the total length of the path travelled by a body in a certain time and the displacement 
is the shortest distance, in a specified direction between the final and initial positions of the body. 


A body is said to possess uniform motion if it traverses equal distances in equal intervals 
of time. 


When a body moves over unequal distances in equal intervals of time, it possesses 
non-uniform motion. 


The distance-time graph in the case of a uniform motion is a straight line. The slope of 
this graph gives the speed of the moving body. 


Speed of a body is the distance covered by it in a unit time-interval. It is a scalar 
quantity. The unit of speed is ms”, 


Velocity of a body is its speed in a given direction. It is a vector quantity. The 
magnitude of the velocity is speed. Any change either in the magnitude or the direction 
or both will change the velocity of the body. : 


The unit of velocity is m/s. 


Average speed of a body between two points is measured by the total distance covered by 
the body between those points divided by the total time taken by the body to travel that 
distance. 


The velocity of a body at a given instant of time is known as its instantaneous velocity. 


When a body traverses equal distances in equal intervals of time, however small these 
intervals may be, and it continues to move in the same direction, the body is said to possess 
uniform velocity. 


A body is said to move with variable velocity if it traverses equal distances in unequal 
intervals of time, direction remaining same or not. 


Vector quantities are those physical quantities which have magnitude as well as direction 
whereas scalar quantitios have magnitude only. 


Acceleration is the rate of change of velocity of a body. It is a vector quantity. The 
unit of acceleration is m/s*. ` 


Negative acceleration is called retardation or deceleration. 


Motion of a body along a straight line is called rectilinear motion. 
Equations of motion of a body are: 

(() v = ucc at 

(i) s = ut + 1 a? or s = ut if a = 0 (for uniform motion) 

(i) 2as = vu? 

where u = initial velocity of a body 


v = final velocity of a body 
a = uniform acceleration 
t = time taken 

s distance covered. 


M 


If the velocity of a body changes equally in equal intervals of time, however small these 
intervals may be, the body is said to possess uniform acceleration. or uniformly accelerated 
motion. 
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16. 


17. 
18. 


19; 
20. 


21. 


[A] 


The velocity-time graph for uniformly accelerated motion is a straight line whose slope gives the 
acceleration. 


A body is said to move with non-uniformly accelerated motion if its change in velocity in 
successive equal intervals of time may not be the same. 
The velocity-time graph for such a motion may have any shape (other than a straight line). 
The distance travelled is equal to the area under the velocity-time ' graph. 
If a body moves with a uniform speed in.a circular path, its motion is called uniform 
circular motion. 
One of the characteristic features of circular motion is that the direction of motion of a 
body changes continuously with time. 
Circular motion is an accelerated motion, even though the speed of the body remains constant. 
Angular velocity of a body is defined as the angle described by it per unit time in 
uniform circular motion. It is usually denoted by the Greek letter œ (omega). 
o= H = z =2tn 
Its unit is rad/s. 
v=or 
iz, Linear speed = angular speed x radius. 
QUESTIONS 
Objective Type Questions 
1. Inthe case of rectilinear uniform motion, distance-time graph is 
(a) a parabola (b) a straight line 
(c) ahyperbola (d) a curved line 
2. _An object moves with a constant velocity of 9.8 ms |, its acceleration, in ms? is, 
(a) zero ; (b) 4.9 
(c) 9.8 (d) 32 
3. An object moves with a constant acceleration of 15 cms™. If it starts from rest, its speed at the end 
of the 4th second in cms", is 
(a) zero (b) 15 
(c) 60 (d) 39.2 
4. Thedistancetravelled by the object in Q. 3 during the first four seconds, in cm, is 
(a) 15 (b) 60 
(c) 120 (d) 240 
5. During the third second, the acceleration of the object in Q. 3, in cm st is 
(25 « (510 
(c) 15 (d) 20 


6. A stone is dropped from a bridge which is 490 m above water. The time required for the stone to 
reach the water is, in seconds (Take downward acceleration as 9.8 ms ") 


(a) 10 (b) 8 
(c)6 (d) 4 
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7. A coin is tossed upward with a vertical velocity of 49 ms !. The time required for it to reach its 
greatest height in seconds, is (Take upward acceleration as — 9.8 ms ? ) 


(a)3 (5 
(c) 10 (d)15 
8. The maximum height reached by the coin in Q. 6 is, in metres, approx. (Take upward acceleration 
as—9.8 ms?) 
(a) 50 (b) 100 
(c) 120 (d) 240 
9. A speed of 90 km/h, expressed in cms”! is 
(a) 2.5 (b) 2500 
(c) 3050 (d) 300 


Graphs of Velocity Vs. Time for Question 10-15 


< 


VELOÇITY (V) IN ms? 


O 1 2.3 4.5 6 7 B 9 10"x 
TIME (t) IN SECONDS ——> 


Fig. 1.48 

For the object in Q. 2, the graph which o shows how its speed changes with time is 
(a) A (B 

()c (d)E 

For the object in Q. (3), the graph which best shows how its speed changes with time is 
(a) A (b) B 

(c)C (d) D 

Of the following graphs, the one which represents motion with the greatest acceleration is 
(a)B ; (C 

(c)D . (d)E 
The graph which represents motion with the greatest speed at t=1 second is 
(a) A (b) B 


(c)C (d) D 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


The graph which best represents decelerated motion is 


(C (b)D 

(c)E (d) F 

Of the following, the graph which best represents the motion of a stone dropped from a bridge is 
@)A (b) B 

(oc (d) D 

A car travels a distance of 400 km in 6 hours. Its average speed for the trip, in km/h, is, approx; 
(a) 67 (b) 35 

(c) 140 (d) 2400 

The distance travelled in 3 seconds by the object represented by graph P in Fig. 1.49 is, approx. 
(a) 40m (b) 120 m 

(c) 60 m (d) 160 m 


t (sec) 
Fig. 1.49 
The distance travelled in 3 seconds by the object represented by graph Qis, approx. 
(a) 40 m (b) 60 m 
(c) 80m (d) 120 m 
Angular velocity of a body is 


(a) rate of change of its position 


(c) the angle traced out by it in one second 


(b) rate of change of its velocity 


(d) the rate of change of its acceleration 


A body moving with uniform circular motion has 


(a) no acceleration at all 
(c) acceleration which is directed away from 
the centre of the circular path 


(e) variable speed with no resultant accelera- 
tion acting on it 
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(b) acceleration which is directed towards the 
centre of the circular path 


(d) variable acceleration 


22. 


24. 


A car increases its velocity from 30 ms! to 40 ms” in 1 second. It has changed its velocity by 10 
ms ! in 1 s. Therefore, acceleration = .......... 


Choose the right answers in the following : 

(a) When a graph of one quantity versus another results in a straight line, the quantities are 

(i) both constant 

(ii) equal 

(iii) directly proportional 

(iv) inversely proportional. 

(b) A body whose speed is constant 

(i) must be accelerated 

(ii) might be accelerated 

(iii) has a constant velocity 

(iv) cannot be accelerated. 

(c) When the distance an object travels is directly proportional to the length of time, it is said to travel 
with 

(i) zero velocity 

(ii) constant speed 

(iii) constant acceleration 

(iv) uniform velocity. 

The distance (S) inmetrestravelled by a particle is related to time (t) in seconds by the equation of 
motion 


S=10t + 4 

(a) What is the initial velocity of the body ? 

()4 ms (ii) 10 ms! 
Gii) 6 ms t (iv) 14 ms? 
(b) What is the acceleration of the body ? 

()4 ms? (ii) 10 ms? 
Gii) 2.5 m s? (iv) 6m s? 


Fig. 1.50 shows the distance-time graphs of two tractors P and Q. It follows from the graphs that 
(i) the speed of tractor P is more than that of tractor Q. 
(ii) the speed of tractor Q is more than that of tractor P. 
(iii) the speed of tractor Q is equal to that of tractor P. 
P 


DISTANCE 


26. 


27. 


(iv) both the tractors Pand Q have the same speed. x 


Fig. 151 shows the velocity-time graph of a cyclist. 

Í follows from the graph that the cyclist 

(a) moves with a constant velocity 

(c) has an initial velocity and a non-uniform 
acceleration 

(b) starts from rest and hasa uniform acceleration 


(d) has an initial velocity and its motion is uniform- 
ly retarded until it comes to rest. 


— > Velocity 


A train, starting from rest, is given a constant o z 
acceleration for 40 seconds..It travels a distance time — ——» 

Si in the first 20 seconds and a distance S2 in the Fig. 1.51. 

remaining 20 seconds. Choose the right answer of the following. 

(a) Sı = S2 (b) $1 = 4S2 (c) 522381 (d) $1 = 3S2 (e) $22 281 


Statea commonly encountered motion whose average velocity is" Y where uis the initial velocity 


and v is the final velocity. 


[B] Very Short Answer Type Questions 


Define: uniform motion. 2. Define: non-uniform motion. 


What is the unit of acceleration’? 
Give an example of a body moving with a uniformly accelerated motion. 


Is speed a vector quantity ? 6. Define : speed. 
What is the unit of speed:? 8. Define: velocity. 
Give the unit of velocity. 10, Define: angular velocity. 


Give the unit of angular velocity. 
In the distance-time graph of uniform rectilinear motion ofa body, what does the slope of the curve 


give? 
Define : average speed. 


Define : displacement. Is it a vector quantity ? 

What is deceleration’? 

Give the unit of deceleration. 

Define: uniform acceleration. (A.I -S.S. 1986) 

Define: uniform velocity. 

Define : uniform circular motion. 

When an object starts from rest, what is its initial velocity? 

Name the physical quantity that is determined by the slope of the velocity-time graph. 
Name the physical quantity that is defined as the rate of change of displacement. 
What is the relationship between distance and displacement ? 
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26. 


Name three vector quantities. 
Name three scalar quantities. 


Write the equation of motion connecting s, u, v and a where the symbols have their usual meanings. 


[C] Short Answer Type and Essay Type Questions 


" 1. 


2. 


How does themethod for getting the resultant of two velocities compare with the method for getting 
the resultant of two displacements? [Hints : Both are vectors] 


The formula 


distance = speed x time 
is correct for two kinds of speed. What are they? 


Why does the definition of acceleration apply to declerated motion? 


For what type of motion is each of these two formulae correct : 
1 
S =avt.; S = 2 vt 


For motion with constant ac. eleration, what is the graph of acceleration vs. time ? 

On a plot of velocity against time, what does the slop of the graph convey us ? 

When dealing with deceleration motion, what do the letters stand for, if we use the formula : 

vi = at ? 

When an object is projected vertically upwards having acceleration directed towards the ground. 
(a) What is the speed at the highest point ? 

(b) How does the initial speed at the bottom compare with the object’s speed when 
it comes down again to the same point? 

(a) Give one example of each of the following : 

speed; uniform speed ; velocity ; uniform velocity ; acceleration. ; deceleration (Retar- 
dation) ; uniform acceleration. 

(b When do we say that a body is in uniform acceleration? (A.LS.S. 1981) 


. Whatareequations of motionofa body ? Derive graphically or otherwisethe followingrelations for 


the uniform rectilinear motion of the body : 
(i) S = ut 


(i) S = ut + 1 at? (AISS. 1986) 


(i) v = u + at 

(iv) 2aS = v?- w? 

where the symbols have their usual meanings. 

What do the following graphs in Fig. 1.52 represent ? Explain the nature of motion of the body in 
each case. 


y X B 


(i) Fig. 1.52 (ii) 


VELOCITY (ms?) —> 


A 


DISTANCE (m) —» 


12. 


— 
DS 


o o 


VELOCITY (ms?!) 
o 


1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 


TIME IN SECOND —> xs TME() —» 
(iii) 2 (iv) 


DISTANCE (m) —» 


ESATEN Te 2 > Ol) SRS nae T 


TIME IN SEC. —> TIME (9 —> 
(v) Fig. 152 (vi) 
Distinguish between uniformly accelerated motion and non-uniformly accelerated motion. Given 


an example in each case. 
What is the nature of graph between velocity and time for (i) uniformly accelerated 


motion and (ii) non-uniformly accelerated motion ? 

What is the nature of graph between displacement and time for (i) uniform rectilinear motion and 
(ii) non-uniform rectilinear motion ? 3 

What do you infer, if the distance-time graph is a straight line ? 

What is angular velocity ? How are the linear velocity and angular velocity related to each other ? 
(A.LS.S, 1986) 

Define : uniform circular motion. Give three examples of this type of motion from daily life 


situations. 
How does uniform circular motion differ from uniform linear motion? 


(a) What remains constant for a particle having uniform circular motion-speed or velocity ? 

(b) Give an example where a body has constant speed but variable velocity. 

- Circular motion is an accelerated motion, even though the speed of the body remains constant", 
Explain. 

(a) Give an example of a case where the velocity of an Object is zero but its acceleration is not zero. 


(b) Can the velocity of an object ever be in a diréction other than the direction of 
acceleration of the object ? Explain. 


- (c) Sketch a graph of the velocity and acceleration as a function of time for a car 


as it strikes a telephone pole. 
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26. 


Yap, 


28. 


29. 


30. 


When a boy throws a ball straight up and catches it again as it comes down, its average velocity 
during the trip is zero. Why ? Is the average speed zero also ? A 
Consider a small rocket which is shot straight upwards. Assume it to start from rest and accelerate 
uniformly until its fuel is exhausted. Sketch a graph of the velocity and acceleration as a function of 
time for the rocket as it rises and then falls to the earth. 


Distinguish between rest and motion giving an example in each case. 

Give five examples of bodies in non-uniform motion. 

Plot speed-time graph of bodies moving with uniform speeds of 4 m/s and 7 m/s. Compare the 
graphs. 

Plot distance-time graph of bodies moving with uniform speeds of 4m/s and 7 m/s. Compare the 
graphs. 

The positions of a ball, rolling down an inclined plane, at the end of each second are given in the 
following table : 


Time in seconds 0 1 2 3 
Position in centimetre|O 10 40 90 


Plot a distance-time graph for the motion of the ball. Indicate whether the motion 
is uniform or non-uniform. 

A ball is thrown vertically upwards with a velocity u. After ascending a height 'h', it comes back 
to the thrower. Prove that ; 


2 
(i) Maximum height attained is where g is the acceleration due to gravity. 


2g 


(ii) Time of ascent is * à (iii) Time of descent is H t 


(iv) Total time of flight is = . (v) Velocity of return is (-u). 


u (vii Displacement of the ball is zero. 


(vi) the distance covered is — 


What conclusion can you draw about the velocity of a body from the displacement graph shown in 
Fig. 1.53. 


90 
Draw the speed-time graph of a point 
describing a straight line with uniform 75 
acceleration, and deduce the formula = 
28h i initi i E 
v?s v* + 2as where uis the initial velocity, {7 eo 
V is the final velocity, a is the uniform ac- 9 
celeration and Sis the distance coveredin £ 
time t seconds. Q 45 
A train starts froma station A to reach © 
another station B, ata distance S from 
A; the motion is at first uniformly ac- SD 
celerated fora given time t1; the velocity 
then remains constant for a give time t»; 15 


and is then uniformly retarded for a 
time t3. Represent the motion in a 


diagram, and by means of the diagram 
lagri y g 0 1 5 55 . : : 


show that the value of the acceleration 
——— TIME (s) — — —À- 
tı [tı £3 + 2t2] Fig.1.53 
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32. 


33. 


2S 
#3 [t1+ t3 +2t2] 
A body is moving with uniform velocity v. For its motion, state the following : 
(i) S in terms of v and t 
(ii) v in terms of S and t 
(iii) t in terms of v and S 
(v) value of its acceleration 
(v) its average velocity in total time t 
(vi) its instantaneous velocity at time t 
(vii) nature of graph of v against t, area under this graph. 
(viii) nature of graph of S against t, slope of this graph. 


A body travels from A to B at a uniform speed u and returns to A with uniform speed v. Show that 


and the value of the retardation is 


the average speed of the entire journey is not the arithmetic mean e but it is Zu A : 
u 


Find the average velocities for the following motions : 


(i) distance $1 covered at uniform speed v1 and further distance S2 at uniform speed v2. (Also show 
the nature of v-t graph). 


(ii) various distances S1, Sz $3, ... 


„Sn covered at uniform velocities v1, v2, v3,........ Vn. 


(iii) various distances S1, S», Ss,.. Sn covered at uniform velocities in periods ti, t2, ta, ....... tn. 
(iv) motion at uniform velocity u for half the time and another uniform velocity v for theother half. 
(v) motion at uniform velocity v for time t1, v2 for tz, v3 for [- E Vn for tn. 
T s (Si+ S 
[Hints: (i) ($1 2) 
Sy 
Ed MIL 
vi 72 


(vi y + nht vt 
(ht hth usus 


(v) 77. (v) 


PROBLEMS 
Draw the scale diagram for a 30 km displacement that is 35° south of cast using a scale of 1 cm =10 
km. : 
What is the average speed of an aircraft if it travels 520 km in 55 min ? 
[ Ans : 567 km/h] 


A bicycle travels 8.20 km in 22.0 min. What is its average speed (a) in metres per second, (b) in 
kilometres per hour ? 


[Ans. (a) 6.21 m/s; (b) 22.4 km/h] 


10. 


11. 


12. 


15. 


16. 


17. 


18. 


19. 


How far does a car travel in 2.5 h if its average speed is 56 km/h? 
[ Ans : 140 km] 
Draw the scale diagrams of the following displacement vectors using a scale of 1 cm = 20 km: 


(a) 50 km due west 
(b) 80 km 25° south of west 
(c) 130 km 35? east of north 
(d) 35 km 22° west of south 
(e) 79 km 48? north of east. 
The star Sirius is 8.1 x 103 km from the earth. If the speed of light is 3.0 x10? m/s, how many years 
does it take the light emitted by Sirius to reach the earth? 
[Ans : 8.56 years] 
An aircraft travels at 350 km/h for 1.25 h and then 380 km/h for 1.80 h. What is its average speed 
for the complete journey ? 
[ Ans : 368 km/h] 
What is the total average speed of a car if it travels 55.0 km in 1.50 h, then 85.0 km in the next 2.00 
h, and finally 75.0 km in the next 1.80 h? 
[ Ans : 40.57 km/h] 
Determine theaverage velocity of an aircraft ifit flies ina straightlineand travels 1250 km duenorth 
in 220 h. : 
[Ans : 568 km/h north] 
If an aircraft flies with a velocity of 650 km/h due west, what is its displacement after an elapsed 
time of (a) 3.00 h (b) 50.0 min (c) 45.0. s ? 
[ Ans : (a) 1950 km W (b) 542 ikm W (c) 8.13:km W] 
A boy sees a flash of lightning and hears the thunder 8.0 seconds later. How far away is the storm 
if the speed of sound in air is 330 m/s, and the speed of light is 3.0x 108 m/s? 
[ Ans : 2.64 km] 
What is the magnitude of the average acceleration of an aircraft if during take off it accelerates ina 
straight line from rest to 44.0 m/s in 11.05? 
[Ans : 4.00 m/s? ] 
Whatis the final speed ofa racing car that accelerates in a straight line from rest for 8.00 seconds at 
4.20 m/s"? 
[ Ans : 33.6 m/s ] 
Whatis theaverage acceleration of a rocket that moves ina straight line from rest toa speed of 11500 


km/h in 25.0 min? 
[ Ans: 2.13 m/s” ] 


` Ifashi» changes its position from 360 km due West of a lighthouse to 240 km due West of the same 


light-house in 16 h, what is its average veloc'ty ? 
[ Ans : 7.5 km/h East ] 


ICTU TOT 
An electron accelerates in a straight line at 4.5 x 1019 m/s? in a cathode ray tube. If its initial speed 


is 2.5 x10! m/s, what is its speed after 30x 10 s? 5 
[ Ans : 1.60 x 10 m/s] 


Determine the acceleration of a car if it travels due South in a straight line and changes speed from 
(i) 7.70 m/s to 16.9 m/s in 8.00 seconds and (ii) rest to 45.0 km/h in 15.0 s ? 
[Ans. (i) 1.2 m/s? south (ii) 0.833 m/s? south] 


A person walks 3.00 km West and then turns around and walks 5.00 km East. If the total time of the 
walk is 2.50 h, determine (a) the total distance travelled, (b) the total displacement, (c) the average 


speed and (d) the average velocity. 
[ Ans : (a) 8.00 km (b) 2.00 km East (c) 3.20 km/h (d) 0.80 km/h East] 


Determine the distance travelled and the magnitude of the acceleration of a train if it accelerates 
from 8.00 m/s to 28.0 m/s in 50.05. 
[ Ans : 900 m ; 0.400 m/s” 
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27. 


28. 


Determine the time that an aircraft spends during its take off run if it accelerates from rest at 3.00 
m/s? toa final speed of 36.0 m/s. 
[ Ans : 12.0 seconds] 
A car accelerates from 50.0 km/h to 125 km/h in 20.0s (a) What is the magnitude of its acceleration 
in metres per second squared ? (b) How far does the car travel while accelerating ? 
[Ans : (a) 1.04 m/s” (b) 486m] 
Anelectron ina cathode ray tube accelerates from rest to a speed of 415 km/s in an elapsed time of 
1.50 ps. (a) What is its acceleration? (b) How far does it travel while accelerating ? 
[ Ans : (a) 2.77 x 10!! m/s? (b) 31. Lem] 
The driver of a car applies the brakes, bringing the car uniformly to rest in 4.00 s. (i) How far did the 
car travel after the brakes were applied, and (ii) What was the acceleration if the initial speed was 
80.0 km/h ? 
[ Ans : 44.4 m; 5.55 m/s?] 
A car travelling at 80.0 km/h decclerates uniformly to 50.0 km/h in 8.00 s to pass through a speed 
zone. It then travels through the speed zone at 50.0 km/h in 18.0 s and accelerates uniformly back 
to 80.0 km/h in an additional 7.50 s. Determine (a) the accelerations of the car at each stage of the 
time period ; (b) the total distance that the car travels during this time. 
[Ans : (a)—1.04 m/s? ; 0; 1.11 m/s? (b) 529 m] 
A speeding mctorist travelling at 115 km/h passes a stationary police patrol car. At the instant the 
patrol car is passed, it accelerates uniformly from rest to a speed of 135 km/h in 8.00s, and then 
maintains that speed until the speeder is caught. Determine (a) the acceleration of the patrol car, (b) 
the total time required for the police to catch the specder, (c) the total distance that the chase lasted. 
[ Ans : (a) 4.69 m/s? (b) 26.85 (c) 854 m] 


Plot a velocity versus elapsed time graph for the data in the following table : 


Beeinqwo | so | 10 | 90 | uo | 130 | 150 _| 


(a) Is the motion uniformly accelerated ? 
(b) Determine the acceleration from the graph. 


(c) Find the displacement in the 5.0s from the graph. 

[Ans : (a) yes (b) 2.0 m/s? (c) 50 m] 
Using the information in the following table, draw graphs of (i) distance versus clapsed timo ; (ii) 
distance versus the square of the elapsed time. 


Distance (m) 0 49 es ier tea 123 176 
Elapsed Time (s 0 1 3 4 5 6 


Determine the slope and hence the formula from the graph in Fig. 1.55. 


Hints : 


0 : 
[ Slope (m) = cd since the graph 


is a straight line so distance (s) = à ] 


[Ans : soper ig 
9i 
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31. 


32. 
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gm- 


123m 


DISTANCE 
[n] 
te] 


o 45 10 15 20 2 
ELAPSED TIME SQUARED (s?) ———> 


Fig, 1.55 


From the data given below, plot the velocity-time graph and predict the nature of motion of the 
body : 


meas E a RS TM SORT 
bus ee UD SEN INCUN 


From the graph 
Find the velocity of the body at the end of 35s. 
Calculate the uniform acceleration of the body. 

$ [Ans: (i) 3.5 m/s (ii) 1 m/s?) 
Plot a graph between distance-time from the data given below. What can you say about the motion 
of the body ? How much speed will the body have at the end of 2.5s? 


Distance (m) —> 
1 2 3 


Time (s) > 


[Ans : (i) uniform velocity (ii) 7-5 m/s] 
A train starts from Jullundur at 11.00 A.M. and reaches Ludhiana at 1.00 P.M. During the first half 
an hour it is uniformly accelerated to a velocity of 72 km/h. During the next one hour, its velocity 
remains 72 km/h. During the last half hour the brakes are applied and the train is uniformly 
retarded and stops at Ludhiana. Draw the velocity-time graph of the motion. Find the acceleration, 
uniform retardation and total distance between Jullundur and Ludhiana. 
[Ans : 0.01 ms; 0.011 ms"; 108 km] 
(a) A car is moving ona straight road with uniform acceleration. The following table gives the speed 
of the car at various instants of time : 


Speed (ms 5 10 15 25 
Time (s 0 10 20 30 anal eG | 


Draw the velocity-time graph by choosing a convenient scale. Determine from it : 
(i) The acceleration of the car,(ii) the distance travelled by the car in 50 seconds. 


(A.LS.E.1982] 
[Ans. (1) 0.5 ms? (ii) 875 m] 


-33. Calculate the angular speed of the seconds hand of a clock, assuming that it moves with a uniform 
angular speed. If thelength of the seconds hand is 2 cm, calculate the speed of the tip of the seconds 
hand. 

[Ans: 0.1047 rad/s; 0.209 cm/s] 
34. A vehicle moves around a square 100 m ona side as in Fig. 1.56, starting at the corner marked 0 and 
proceeding past A, B, C and back to 0. The speed is 25 m/s. 


100m 


fe) 100m [o 


Fig. 1.56 


Find the time that the object reaches points A, B, C and O, as well as the path travelled in that time 
and the displacement from 0. 
[ Ans : 4s, 100m, 100m north; 8s, 200m, 141m, 45? east of north; 12 s, 300 m, 100 m east; 16 s, 400 m, zero]. 


35. The speed ofa train for the first minute of its motion is given by the following table : 


Plot the speed-time graph and from the graph find the distance travelled in the first minute. 
[Ans :1571 m] 


36. The relation between distance and time for a car starting from rest is given in the table: 


Timeiss — | o [ 10 [| 20 [| 30 [ 40 | | 60 | 
Disaneinm | 0 | 36 | 160 | 395 | 660 | s80 | 1040 | 1160 | 


(a) Plot a distance-time curve for the first 60 s. 
(b) Deduce the speed-time and accéleration time curves for the first 60 s. 

37. The distance between two stations is 1800 m. An electric train starts from rest at one station with a 
uniform acceleration of 0.5 ms ^; it comes to rest at the other station witha uniform retardation of 
0.75 ms?, and the speed for the intermediate portion of the journey is constant. Sketch the general 
form of velocity-time graph. 

38. A body starting from rest accelerates uniformly at the rate of 10 cm s? and retards uniformly at the 
rate of 20 cms". Find, from the nature of graph of velocity versus time, the least time in which it can 
complete a journey of 5 km if the maximum velocity attained by the body is 72 km/h. 

[Ans : 400 seconds] 
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A train moves from one station to another in two hours time. Its speed during the motion is shown 
in the graph below : 
(Fig. 1.57) 


Time in hours 


Fig. 157 


Calculate 
(i) maximum acceleration during the journey. 
(ii) distance covered during the time-interval from 0.75 h to 1.00 h. 
[Ans: (i) 160 km/h? (ii) 10 km] 
[ Hints : 
Slope is greatest between 0.75hand1h] 


Two buses started simultaneously towards each other from towns A and B which are 480 km apart. 
It took the first bus travelling from A to B eight hours to cover the distance and the second bus 
travelling from B to A ten hours. Assuming the buses travel at constant speed, plot distance-time 
graphs for the two buses. From the graph find when the buses met after starting and at what 


distance, from town A. 


[Ans: 4 h 27 min after starting and at 267 km from A] 

A car covers the first half of the distance between two places at a speed of 40 km/h and the second 
half at 60 km/h. What is the average speed of the car? 

[ Ans : 48 km/h] 


00 
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CHAPTER —2 
FORCE AND ACCELERATION 


LEARNING OBJECTIVES : 


At the completion of this Chapter, you should be able to grasp : 


(a) The concept of force and its relation to motion. 


(b) Balanced and unbalanced forces ; unbalanced forces and acceleration. 


(c The concept of inertia and mass. 


(d) Newton's laws of motion and their application not only to the motion of 'earthly bodies but also to 


the motion of heavenly bodies. 


(e) The concepts of momentum and impulse and their relationship with force. 
(D The idea that friction is a retarding force and it is a necessary evil (ie, its importance in everyday 


life). 


2.1 INTRODUCTION 


In Chapter 2-1 we described some of the fun- 
damental quantities of Physics, their measurement 
and their graphical representation. We have learnt 
how to describe uniform and non-uniform motion in 
terms of displacement, velocity and acceleration of 
moving bodies. We are now ready to study the 
causes that influence the motion of bodies. We shall 
introduce Force and Mass as new and most impor- 
tant concepts of Physics, in this Chapter. We have 
all probably wondered at one time or another why 
certain physical. events occur. Why does the earth 
continue to move in its orbit about the sun instead of 
going off into the darkness of space ? Why do 
magnetic compasses in automobiles always point 
north ? Why do electrons in our TV sets strike the 
fluorescent screen with sufficient speeds to produce 
a picture on the screen ? In every case the answer is 
that forces act which control the motion of the objects 
in question. A gravitational force keeps the earth in 
itsorbitaround thesun. Electromagnetic forces align 
the compass needle in a north-south direction and 
accelerate the electrons in the TV tube. Other kinds 
of forces, the strong and weak nuclear forces, explain 
the stability (and the occasional instability) of atomic 
nuclei. Force is an essential factor in the construction 
of a bridge or the motion of an artificial satellite. 
Force is directly related to work and energy and 
energy includes heat, sound and light. We must 
know what force is in order to describe gravitation, 
magnetism and static electricity. The concept of 
force pervades the entire subject of physics. 


In this Chapter we begin with the topic of force. 


We will also consider the motion produced by a 
forces and in particular Newton’s laws which 
describe this motion. We shall introduce Galileo's 
idea of inertia and how this idea is incorporated into 
Newton’s laws of motion. We shall discuss inertia 
in terms of objects at rest and objects in motion: 
When we combine the ideas of inertia and motion, 
we are dealing with momentum. Momentum refers 
to moving things. f 


2.2 CONCEPT. OF FORCE (WHAT 
IS A FORCE ?) 

To start a ball rolling you throw it or kick it. In 
each case you are exerting a force on the ball (Fig. 
2.1). Again you are exerting a force on the ball when 
you can head the ball to make it change direction. 
When you catch a cricket ball you stop its motion by 
exerting a force on it. 

In all the above cases forces are being used (o 
change the motion of a ball. 

Of course it is possible to exert a force on some- 
thing without moving it. You can lean againsta wall, 
Squeeze a rubber ball or twist a piece of plasticine but 
even then part of the object moves with respect to the 
rest. 

Thus we find that in daily life, we often move 
objects from one place to another by pushing or 
pulling them or something has to be done to an object 
at rest in order to make it move, or to stop it, if it is 
in motion. < 

The scientific name for a cause that increases or 
decreases the spced of a body or changes its direction 
is force. 


— 


(KICKING) 


(HEADING): 


(CATCHING) 


MASS IN MOTION 
Fig. 2.1 


A force is anything which causes a body to 
start moving when itis at rest, or stop it when it is 
moving, or deflect it once it is moving. 


This is basically howa force is defined, although 
you will learn a more precise definition later in this 
Chapter. 


Force applied on an object can, therefore, do 


onc of these three things, two of these and all 
three of these ? 


FORCE AS A VECTOR QUANTITY : 


A force cannot be completely described by its 
magnitude alone. The expression "A force of 10 
newtons" is incomplete. The direction in which the 
force acts must also be known. Thus, a force is like 
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Fig.2.2 


three things : 

(a) Itcan change the speed of the object making it 
move faster or slower. In other words, a force 
can bring about a change in the state of motion 
of a body. 

(b) It can change the direction of motion of the 
object. 

(c) It can change the shape of the objeci. 

Can you give examples of forces which do any 


a displacement-cach requires a Magnitude and a 
direction for its complete description. A force can, 
therefore, be represented by a vector; force isa vector 
quantity. 


A vector used to represent a force is called a 
force-vector. Suppose we wish to draw a vector to 
representa force of 10 newtons acting eastward upon 
point O. We select a suitable scale, and draw a line 
ten units long eastward from point O as shwon in Fig. 
2.2. A force-vector is always represented as a pull 


upon a point where the force acts. The arrowhead 
indicates the direction in which the force acts and the 
length indicates its magnitude. 


We note.that a force acting on a body cannot be 
displaced parallel to itself. The effect produced on 


produces different effects. 


23 _ BALANCED FORCES 


In every day life the most familiar forces are 
those we exert ourselves through the action of our 
own muscles. Throwing, kicking and catching a ball, 
propelling a pellet with a pea shooter, lifting food to 
our mouths. These and many other similar activities, 
depend on muscular forces to set things in motion or 
to stop them. 


But what happens when we stretch a spring ora 
piece of elastic? Motion ceases, yet our nerves tell 
us that we are still exerting a force-often quite a large 
one. Why do we get no more starting or stopping? 


The answer is probably obvious to you, but in 
case it is not,think what happens when you tie your 
shoe. You are pulling on each lace and thus exerting 


(c) 
Fig. 2.4 Line of action of a force 


a body by an applied force depends not only on its 
magnitude and direction but also on the point where 
the force is applied. 


If you push a body with nearly the same force 
with your finger at X or Y or Z [Fig. 2.4 (a), (b), (c)] 
the result will be different in each case. A force of 
same magnitude applied at three different points 
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a force on your foot, yet foot does not begin to move, 


Ofcourse youare exerting several forces on your 
foot-one in each lace, and one from your leg-and 
they cancel out. The total force is zero, 


When we add up forces in this way to get zero, 
we have to take into account not only the size of the 


Force of gravity on T.V. is balanced by upward push 


of the table 


Fig. 25 


Fig. 2.6 


forces, but also the directions in which they act. A 
body tries to start moving in the direction of the force. 
If two equal forces act in opposite directions they just 
balance and produce no motion. Forces which just 
balance and produce no motion are called 
balanced forces and they are said to be in equi- 
librium. The resultant of such forces in zero. 


The world is literally full of balanced forces, In 
Fig. 2.5 two balanced forces keep the television set 
at rest. If we consider the forces acting on the 
lineman’s fcet in Fig. 2.6 as a single force we can say 


_ that he is in equilibrium under the action of three 
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balanced forces. These forces are represented by 
three arrows in the diagram. 


1 weiss a ACTING 
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Fig.2.7 


As you sitreading this book, the force of gravity 
pulling you towards the earth is just balanced by the 
support of the chair on your body (Fig. 2.7). The 
chair itself is held steady by an upward push of the 
floor. 


A flagstaff is held steady by the pull of its guy 


since they simply cancel each other out and produce 
no motion. 


2.4 UNBALANCED FORCES 


Consider the example of the television set again 
(Fig. 2.5). If you want to lift it up, you will have to 


L3 
WIND 
V V, TENSION 
: J/ E IN GUY 
Ld 7 i ROPES 
4 
i ! 
B 
UPTHRUST 
FROM GROUND 
Fig. 2.8 


ropes and, again, by an upthrust from the ground (Fig. 
2.8). 


We soon lose count of all the different forces 
around us. Luckily we can forget about most of them, 


UPWARD 
FORCE. 


iMOTION 
e 


apply additional force. If you remove force, the tele- 
vision set will move down. Again, considera brick 
lying on the ground. You push it gently so that it does 
not move. There are now four forces acting on it (i) 


UPWARD FORCE 
EXERTED BY 
THE GROUND 


(A) 


the force of gravity pulling it towards the centre of 
the earth (ii) force exerted by the ground on the brick, 
which balances the force of gravity and keeps the 
brick on the ground (iii) your push, and (iv) the force 
of friction opposing the push. The resultant of all 
these forces is zero and the forces are said to be 
balanced. If you increase or decrease one of these 
forces (say if we increase the push), the resultant 
force will no longer be zero and the brick will begin 
to move. In such situations we say that the forces are 
unbalanced. 

Unbalanced forces are those forces which 
produce change in state of motion of a body. 

Some of the forces (balanced as well as un- 
balanced) involved in riding a bicycle are shown in 
Fig. 2.10. 


GRAVITY ON 
RIDER 


4 
COMPRESSION 
INFRAME 


CHAIN 


WHEEL 


WHEEL ON 
GROUND 


GROUND ON WHEEL 


constantly pulled or pushed to keep it in motion. A 
single pull or push will not take it far. If we do not 
look carefully, we too, like the ancient Greeks, would 
be tempted to believe that bodies come to rest when 
no forces act on them. How did Galileo come to the 
correct conclusion that the Greeks were wrong? Let 
us look at some of his observations in his experi- 
ments. 


Galileo first observed the motion of objects on 
an inclined plane. He noted that when objects move 
down an inclined plane, their speed increases [Fig. 
2.11(a)]. He also noted that when objects move up 
an inclined plane, their speed decreases [Fig. 
2.11(b)]. Galileo further observed that when the 
angle of the inclined plane with the horizontal was 


decreased (ie. the inclined plane was made less 


<< 
T GROUND ON WHEEL 


Fig, 2.10 Balanced and unbalanced forces in riding a bicycle 


2.5 *GALILEO'S EXPERIMENTS ON THE 
MOTION OF OBJECTS : 

It was Galileo (1564-1642) a foremost scientist 
of the sixteenth century who, on the basis of his 
experiments (some:of which are given below), 
deduced that objects move with constant speed when 
no forces act on them. No body at that time believed 
this. If we look around, we would also hardly believe 
this as it is contrary to common experience.. A book 
ona table, when given a push, does not continue to 
move forever. It moves some distance and quickly 
comes to rest. A rickshaw on a road has to be 


— 
* For further knowledge only. 


steep), the increase in the speed of the object moving 
down the plane also got decreased (Fig. 2.12). 


He then asked the following question : What 
would happen if the plane were inclined neither up 
or down? That is, what would happen if the bali 
moved on a flat surface (Fig. 2.13) ? Does speed 
change ? Well, the answer was obvious to him. Jes 
speed would neither increase nor decrease. Its speed 
would remain constant. 


Galileo performed another experiment, But this 
time not with real balls and real planes but with 
imaginary ones. He thought that if a ball were made 
to fall along the sides of hollow hemisphere it would 


OBJECT 


INCLINED PLANE 


Slope downward-speed of the object increases 


INCLINED PLANE 


OBJECT 


Slope upward-speed of the object decreases 


Fig. 2.11 


XY 


Fig. 2.12 Increase in the speed of the object- 
decreases with decrease in slope 


always reach the height from which it was dropped 
[Fig 2.14]. 
How did he come to this conclusion ? Galileo 


| 


Fig. 2.13 No slope-Flat surface-no change in 
speed. 
has seen a pendulum oscillating (a hanging lamp 
oscillating from the ceiling of a church) and ob- 
served that the pendulum always rises to the same 


MEAN (OR REST) POSITION 
Fig. 2.15 


HEMISPHERE 


Fig. 2.14 


height on either sides of its mean (or rest) position 
[Fig. 2.15]. The hemisphere performs the same func- 
tion as the string of the pendulum. He then asked 
what would happen if the vessel were shaped as in 
Fig. 2.16(a) and said that it would reach the same 
height, but travel a longer distance in doing so. 
Notice that the more we decrease the slope at the 
other end of the vessel, the further the ball has to 
travel to reach the same height [Fig. 2.16(b)]. How 
far do you think the ball would travel if you decrease 


the slope to that of Fig. 2.16(c) ? 


Obviously the ball would have to travel an in- 
finite distance to attain the same height. This could 
happen only if the speed of the ball on the flat surface 
remains unchanged. 


Thus on the basis of the above observations, 
Galileo arrived at a startling conclusion : 


"An object moving in a straight line with a 
constant speed will continue moving 1n the same 
straight line with the same speed in the absence of 
an external force." 

2.6 INERTIA AND MASS 


We know that objects that are not moving do not 


PILE OF BOOKS 
TABLE CLOTH 
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(c) 
Fig. 2.16 


start moving by themselves. For example a football 
will not move unless it is kicked. Things that are at 
rest seem to stay there. 


Spreada table-cloth on a table and arrange a pile 
of books on it. Hold one edge of the table-cloth and 
pull quickly. The table-cloth will come off, leaving 
the pile of books undisturbed. The pile of books 
tends to remain at rest even when the thing on which 
itis resting is moved (Fig. 2.17). 


Place a fifty paise coin on a small piece of card- 
board and place the cardboard on an open jar so that 
the coin is directly over the mouth of the jar. Use one 
finger to flick the piece of cardboard away. You will 
notice that the coin drops into the jar. This shows 
that the coin tends to remain in its position of rest 
(Fig. 2.18). 


There are other examples of things wanting to 
stay in place. When you are sitting in a car or train 
which starts suddenly you feel you are jerked back- 
wards. In fact, you are not jerked backwards but your 
seat, which is in contact with the cushion is forced to 
move forwards with the car or train and the upper part 
of your body, which tends to remain at rest, is left 
behind (Fig. 2.19). 


Generally things do not want to move if they are 
at rest. Nor do they want to stop once they are 
moving. 


FIFTY PAISE COIN CARDBOARD 


Fig. 2.18 
When you are sitting in a moving car or train 
which suddenly stops, this time you feel you are 
jerked forwards (Fig. 2.20). Try to explain why you 


Fig. 2.19 Train starts suddenly 


have that feeling, bearing in mind the explanation of 
illustration of Fig. 2.19 given above. 


Have you ever watched a person trying to board, 
or to alight from a moving bus or train? Itisa 
' dangerous practice and should not be copied. When 
boarding a moving train he does not just stand by and 
hold the door but first runs alongside with about the 
same speed as the train, and then jumps. When 
alighting from a train he does not just leap down and 
stop dead, but continues to run alongside the train 
after leaping down. If he stopped at once, his fect 
would come in contact with the ground suddenly and 
rest, but the other parts of his body would continue 
moving, so that he would fall headlong. But by 
running along as he comes down, gradually slowing 
down before stopping, he prevents a fall. 


If you fasten a ball to a string and, holding the 
other end of the string, swing it round, the ball moves 
round in a perfect circle; but if you suddenly drop it 
the ball continues to move ; not only that, it now 
moves in a straight line. This is because the thing 
compelling it to move in a circle has been removed 
and the ball tends to continue moving in a straight 
line. 


We have thus seen that a body remains at rest 
unless something moves it, and it continues to move 
inastraight line unless something stops it or changes 
its direction. This tendency of the body to Stay at rest 
or stay moving is called inertia By inertia we mean 
the inertness of matter and hence its inability to 
change its position of rest or of uniform motion in a 
straight line without application of an external force. 
An empty tea trolley has very little inertia. It is easy 
to get it moving and it is casy to stop it once it has 


Fig. 2.20 Train stops suddenly 


started. If you load the trolley with heavy things its 
inertia would be much greater. It would be more 
difficult to start and stop it because it would have 
more mass. Massive objects have more inertia than 
lighter ones. In fact mass, which is the quantity of 
matter in a body, is a numerical measure of inertia, If 
a body has more mass, it has more inertia, A cricket 
ball has more inertia than a shuttle cock. It is harder 

' toacceleratea truck than a small car because the truck 
has a greater mass. 


To start and stop things you need to pull or push 
them. These pulls and pushes are known as forces, 
If you hold two magnets close to each other you can 
sometimes feel them pull and sometimes push against 
you. 


A force is needed to start a body moving and to 
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slow down a moving body. In other words the force 
overcomes the inertia of the body. 


2.7 NEWTON'S LAWS OF MOTION 


In 1642, several months after Galileo died, Isaac 
Newton was born. By the time Newton was 23, he 
developed his famous laws of motion, which com- 
pleted the overthrow of the Aristotelian ideas that had 
dominated the thinking of the best minds for 2000 
years. In this article we will consider these laws in 
order. The first is a restatement of the concept of 
inertia as proposed earlier by Galileo. The second 
law relates acceleration to the cause that produces it 
i.e., force. The third is the well-known law of action 
and reaction. There three important laws first ap- 
peared in one of the most important books of all time, 
Newton’s famous Principia Mathematica (1686). 
Newton’s statement of the laws of motion was one of 
the most important developments in physics. These 
laws form the basis of what is now called classical 
or Newtonian mechanics. It was not until the twen- 
tieth century that Newton’s laws proved to be inade- 
quate because they could not fully describe the 
motion of extremely small atomic-sized particles, or 
particles that travel close to the speed of light (3 x 10° 
m/s). However, because of their mathematical 
simplicity and accuracy, the laws of classical 
mechanics are still used to predict and describe the 
motions of many objects, such as cars, aircraft, 
planets and satellites. 


NEWTON’S FIRST LAW OF MOTION : THE 
LAW OF INERTIA , 


Aristotle's idea that a moving object must have 
a force exerted on it was completely turned around 
by Galileo, who stated that in the absence of a force, 
amoving object will continue moving. The tendency 
of things to resist changes in motion was what 
Galileocalled inertia. Newton refined Galileo's idea 
and.made it his first law, also appropriately called the 
law of inertia, Newton’s first law of motion concerns 
the effect of balanced forces on bodies. It is stated 


as follows : 
"Every body continues in its state of rest or of 
uniform motion in a straight line, unless it is 
compelled to change that state by an unbalanced 
force impressed upon it.” 

The key word in this law is continues : a body 


continues to do whatever it happens to be doing 
unless a force is exerted upon it. If it is at rest, it 


continues in a state of rest. If it is moving, it con- 
tinues to move without turning or changing its speed. 
In short, the law says that an object does not ac- 
celerate of itself ; acceleration must be imposed 
against the tendency of an object to retain its state of 
motion. 


The first part of this law seems reasonable and 

-in agreement with our everyday experience. We 

know fully well that bodies at rest will remain at rest 

until some external force causes them to move. 
Everyone recognizes this fact. 


The second part of this law is somewhat more 
subtle. Restated, the law says that a moving body 
would continue moving in a straight line forever 
unless some external force were applied to it. Com- 
mon experience seems to contradict this. We know 
that nothing continues to move forever without 
change. A ball rolled across the ground soon stops. 
A metal object sliding across a smooth table even- 
tually slows and stops. There are many ohter cases 
such as this. However, each of the examples cited is 
not a valid test of Newton’s first law of motion. A 
force is acting on each of these bodies trying to stop 
its horizontal motion. It is the force of friction. We 
all know that, the more precautions we take to 
eliminate this force, the less rapidly the moving 
object is brought to rest. Newton mentally general- 
ized this observation to the case where no friction 
forces exist and concluded that, if this case were 
possible, the moving object would never stop. Al- 
though an example of perfect unchanging motion has 
never been attained, of course, all our experience 
leads us to believe that Newton’s conjecture, stated 
as a law of nature, is valid. 


Newton’s first law of motion implies that all 
matter possesses inertia. The greater the inertia of an 
object, the larger is the force required to bring a 
change in its state of rest or of uniform motion. Thus 
Newton’s first law of motion is also called law of 
inertia, A few simple examples given earlier to 
illustrate the property of inertia of rest and inertia of 
motion are also examples of Newton’s first law of 
motion, 


According to Newton’s first law of motion, we 
have scen, that a body remains at rest unless some- 
thing moves it, and it continues to move in a Straight 
line unless something stops itor changes its direction. 
Scientists call that something force. In other words, 
Newton's first law of motion gives us the definition 
offorce. The force is the cause of change of position 
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of rest or of uniform motion in a straight line. The 
force may be applied in the form of a push or pull. It 
may be defined as follows : 


Force is a pushor a pull which produces or tends 
to produce, destroys or tends to destroy motion ina 
body. 


It should be very clearly understood that the 
force must act on a body or a system of bodies from 
outside, Że., it must be an unbalanced force. An 
internal force cannot cause any change of state of a 
body. It is impossible for a man to lift himself by 
putting his feet in two buckets and pulling up their 
handles. 


NEWTON’S SECOND LAW OF MOTION 
(Unbalanced force and Acceleration) 


We have earlier discussed about unbalanced (or 
net or resultant) forces and we know that they 
produce change in motion of a body. Newton’s first 
law of motion is rather a simple statement of be- 
haviour which is familiar to all of us. Newton, 
through his second law of motion, established a rela- 
tion between force and change of motion. Newton’s 
second law of motion is stated as follows : 


" [f an unbalanced force acts upon a body, that 
force will produce an acceleration of the body in the 
direction of the force. The magnitude of the ac- 
celeration is in direct proportion to the magnitude of 
the unbalanced force, and in inverse proportion to 
the mass of the body." 

E 

If F = unbalanced force or external force 

m = mass of the body 

a?- acceleration produced in the body 


then according to Newton’s second law of motion, 
Pa — 
m 
The above proportionality may be written as 
E 
or F œ ma 


orF'- kma 
where k is the constant of. proportionality. ...(1) 


We define the unit force to be that force which 
produces a unit acceleration ina unit mass of a body. 
That is 
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In terms of this unit of force, 
1=k.1.1 
ork=1 


Putting k= 1 ineq. (1), we get the most important 
fundamental equation of mechanics : 


Remember that 
Force = Mass x Acceleration 


Force 


or Mass = z 
Acceleration 


Force 
Mass 


or Acceleration = 


Newton's second law of motion gives us a meas- 
urement of force in terms of mass and acceleration. 
This law tells us what happens when an unbalanced 
force is exerted on an object. 


Units of force : 


In the SI (Systeme Intemational) system, ab- 
solute unit of force is called newton. It is denoted by 
the symbol N. It may be defined as follows : 


One newton is that resultant or unbalanced 
force which acting on a mass of 1 kilogram produces 
an acceleration of one metre per second per second. 


IN=1kg, 1 m/s? 
=I1kg m/s? 


In the c.g.s. system, absolute unit of force is 
dyne. It may bc dcfincd as follows : 


One dyne is that resultant force which acting on 
a mass of one gram produces an acceleration of one 
centimetre per second per second. 


l dynez1g.1 cm/s? 
=1g cm/s?. 
1 N= Ikg. 1 m/s? 
3 2 2 
1 N= 10° g. 10° cm/s 


Since 


=10° g cm/s? 


or 1N = 10° dynes 


Note : 
Force (N) = Mass (kg) x Acceleration (m/s? ) 
Force (dyne) = Mass (g) x Acceleration (cm/s^) 


NEWTON'S THIRD LAW OF MOTION 
(ACTION AND REACTION) 


Newton's third.law of motion appears to have 
little connection with the first two. It states that 


"to every action there is an equal and opposite 
reaction" ; or that when two bodies act upon each 
other, the action of the one is equal in magnitude and 
opposite in direction to the reaction of the other upon 


it. More briefly, but less exactly, action and reaction . 


are equal and opposite. 


The students should notice that Newton’s third 
law of motion deals with two distinct bodies. An 
action force is exerted on one (body A) by the other 
(body B), while a reverse reaction force is exerted by 
A on B. 


To illustrate this law more fully, consider the 
following examples : 


Fig. 2.21 


(1) When you walk, your foot pushes backward 
on the earth and the earth exerts an equal and 
opposite force forward on you (Fig. 2.21). 
Two bodies and two forces are involved. The 
comparatively small force you exert on the 
large mass of the earth produces no noticeable 


motion of the earth, but the equal force it exerts 
on your very much smaller mass causes you to 


move. It is important to note that the equal and 
opposite forces do not act on the same body if 
they did, there could never by any resultant 
force and all motion would be imporssible. 


Q) 


6) 


(4) 


(5) 


(6) 


(7) 


(8) 
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MAN g 22 


Fig.2.22 


Whenever a person steps from a rowing boat, 
he pushes backward on the boat (the action) 
which moves accordingly whilst the boat 
pushes the person forward (the reaction) (Fig. 
2.22). The forces are equal in size, opposite in 
direction and act simultaneously on the peon 
and the boat. 


When there is a load on a hand, the hand is 
subjected to a downward force by the weight 
of the load, and the hand also applies an equal 
and opposite force on the load. If now, the 
hand is moved up with the load, an additional 
force must be applied to the hand. 


If a man raises a weight by a string tied to it, 
the string exerts on the man’s hand exactly the 
same force as it exerts on the weight but in the 
opposite direction. 


A ladder leaning against a wall presses on it 
and tends to push the wall back. This action is 
equal and opposite to the counter thrust called 
the reaction, exerted on the ladder by the wall 
which keeps the ladder in position. 


A boatman presses one end of a bamboo pole 
against the ground and the boat on the water 
moves forward. Here the bamboo pole presses 
the earth and the earth sets up the reaction force 
along the pole in the opposite direction, The 
component of the reation force in the horizon- 
tal forward direction communicated to the boat 
through the boatman makes the boat moves 
forward. 


When a magnetattracts a piece of iron, the iron 
also attracts the magnet with an equal and 
opposite force. If the action of the magnet on 
the iron is the action-force, that of the iron on 
the magnet is the reaction-force. 


Consider a book lying on the table. The weight 


(9) 


(10) 


(11) 


of the book presses the table downwards and 
that is known as an action. The table in turn 
presses the book upward. The force applied by 
the table is known as reaction. As the book is 
neither moving upward nor downward, the two 
forces i.e., action and reaction must be equal 
and opposite to each other and hence cancel 
each other completely. 


X and Y are two spring balances (Fig. 2.23). 
They are coupled together and pulled part. 
Both the springs show the same reading. X is 
pulling Y towards it (action) and Y is pulling 
X towards it with an equal and opposite force 
(reaction). Here action and reaction are inter- 
changeable. 

When a boatman wants to reach the bank, he 
tries to pull the bank towards him (action) with 
the help of arope tied toa peg on the bank, The 
bank pulls the boat towards it with an equal and 
Opposite force (reaction). 

The birds, while flying, push the air 
downwards with their wings (action). The air 
exerts an equal and opposite force on the birds 
in the upward direction (reaction), 

In the rockets (Fig. 2.24). the burnt gases are 
exhausted out in the vertically downward 
direction with a great force (action), These 
Bases exert and equal and opposite force on the 


So 
Erra RD 


Fig.2.23 / 


rocket in the vertically upward direction (reac- 
tion). 


Jet aircrafts also work on the same principle. 


(AQ), Nim ato Vere Rv a V with a com. 


ROCKET €— REACTION 


force (action), there is an equil and opposite 


Fig. 2.24 
force exerted on the rifle in the back ward direc- 
tion (reaction). So the gun recoils back. 


| (14) 


(15) 


(16) 


(17) 


(18) 


—7P ACTION 
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The moon is attracting the earth with a certain 
force (action). The earth also attracts the moon 
with an equal and opposite force (reaction). 


The swimmer pushes the water in the backward 
direction with a certain force (action). Water 
pushes the man forwards with an equal and 
Opposite force (reaction). 

Fill a balloon with air. Hold it with its mouth 
downwards (Fig. 2.25). Release the balloon. 
The air rushes out vertically downwards (ac- 
tion). The balloon moves vertically upwards 
(reaction). s 


In a rotating fountain, a central pipe is fitted 
with four small pipes having fine nozzles at the 
ends (Fig. 2.26). Water rushes out of the noz- 
zles (action). The pipes move in the opposite 
direction (reaction). The principle is used in 
the fountain to sprinkle water around. 


BALLOON 


" 
suf | 


In a toy steam engine, steam is allowed to 
escape through a fine nozzle (action). The 
Steam engine move in the Opposite direction 


(reaction). This principle-is also used in toy 
streamships. Originally Newton used this prin- 
ciple in his automobile. i 


From these examples it is clear that the action 
and reaction act on different bodies. If action and 
reaction were to acton the same body they would add 
up to zero. Forces always occur in pairs. 


2.8 MOMENTUM 

It is common experience to us all that a moving 
object possesses a quality which causes it to exert a 
force upon any one who ties to stop it. The faster 
the object is travelling, the harder it is to stop. In 
addition, the more massive the object is, the more 
difficulty we have in stopping it. For example, a man 
travelling 10 m/s in an automobile is much less easily 
stopped than a child on a kiddie car travelling at the 
same speed. 

Newton called this quality of a moving body as 
the "motion" of the body. We to-day term it the 
momentum of the body. Momentum is considered 
to be a measure of the "quantity of motion" of a body 


‘and it is defined as the product of mass and 


velocity. 
Often the symbol p’is used for it. That is in 


symbols 


where m is the mass of the body and y^its velocity. 

The direction of the momentum, which is a 
vector quantity, is the same as the direction of the 
velocity. The unit of momentum is kg m/s or new- 
ton-second. 
MOMENTUM AND FORCE 

Obviously the momentum of a body is the result 
of forces which accelerated the body from rest to 
velocity v. Similarly, if we are to slow down the body 
(i.e.,cause it to lose momentum), we must apply a 
retarding force to it. A large retarding force will 
cause the body to lose more momentum in a given 
length of time than will a small retarding force. We 
now wish to find the exact mathematical relation 
between force and change of momentum. 


Consider the acceleration ofa body by aconstant ° 


force F as shown in Fig. 2.27. The force is the net 
unbalanced force on the body and will cause a 
uniform acceleration g> ii the x direction, 


pF BIO) 


m 
If the body had an original velocity u and the 
force acts for a time t, our motion equations yield the 
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result 
y= w+ at 
S32 
or a X ~ (ii) 
F ail 
Ec 
H 
“SST? 7 AL oe 
Fig. 2.27 


Putting (i) in (ii) and rearranging leads to the 
result ze. 
pnm = >u) 


or p- nve mw 
t 


(lii) 


Here, mais the initial momentum p? of the body 
m vis the final momentum p} of the body. 


P2— Pym V2 minis the change in momentum 
that occurred in the time interval t. The change per 
unit time, or rate of change of momentum 

— > 
is (my mi) = P,—P 
t 
may be expressed in words as 


"Thus equation (iii) 


Force equals rate of change of momentum. 
Another way of expressing this is that net forces 
cause changes in momentum. 


Newton's second law of motion is intimately 
connected with change in momentum. According to 
momentum form of Newton's second law of motion 


" the rate of change of momentum of a body is 
equal to the unbalanced force acting on it". 


This form of the law is actually more basic than 
the former 


F=ma 
Impulse: 


There are some situations in which the initial and 
final momentum may be the only measurable quan- 
tities, For example, a golf ball is initially at rest ; after 
being hit, it has a measurable speed (using proper 
techniques). The force is very large and acts for a 
very short interval. The mass of the golf ball is easily 
found, so the change in momentum can be found. 
Another situation is that of a ball that strike's a 
person's head and bounces off. The change in 
A 


momentum of the ball can be found. In each of these 
situations we say that there has been a blow or an 
impulse. 


The word impulse is defined in physics as the 
product of force and the time force acts. If the force 
varies in that time, the average force is used. 


An impulse causes the object on which it acts to 
change its momentum, and the amount of change in 
momentum is found from Newton’s second law of 
motion. Use it in the form 


p.m-m _ B-Hh 


t t 


or Ft = Impulse = mo-mu = p2 —p; 


The lefthand side of this equation is the impulse 
and the right handside is the change in momentum of 
the body on which the impulse acted. In words, the 
equation says that impulse equals change in 
momentum. An impulse may be measured by the 
change in momentum caused by it. This can be 
useful in situations in which it is not possible to 
measure the size of the force (and it may vary) or the 
time. One example is that of a ball being struck by 
a bat. 


Unit of impulse is newton second (NS) or kg m/s. 
29 FRICTION 


The surfaces of bodies are never perfectly 
smooth. Whenever a very smooth surface is seen 
under a microscope, it is found to have roughnesses 
and irregularities which cannot be detected by ordi- 
nary touch (Fig. 2.28). If a block of one substance be 
placed upon alevel surface of the same or of different 


FRICTION 
« 


WLM 
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play when one body tends to move over another and 
which always opposes motion, is called the force of 
friction or simply friction. 


The force of friction is caused by the interlock- 
ing of the irregularities of the surfaces in contact. 
The motion of one surface over the other requires the 
overcoming of interlocking obstacles which may be 
achieved by the slight lifting of the moving body or 
the smoothening of the irregular projections or the 
filling up of the irregularities by a suitable lubricant. 
If the surfaces are polished, the force of friction 
between them considerably decreases. 


Friction-a self-adjusting force: 


Consider a block of wood lying on a plane 
horizontal table and push the block lightly with the 
hand. The block does not move which shows that the 
force of the hand is being exactly balanced by the 
force of friction acting horizontally in the opposite 
direction. 


Now push the block a little harder ; it is still 
found.to be in equilibrium. Obviously, the force of 
friction has increased itself so as to become equal and 
opposite to the applied force. Thus the force of 
friction has a remarkable property of adjusting its 
magnitude so as to become exactly equal to the 
applied force tending to produce motion. There is, 
however, a limit beyond which the force of friction 
cannot increase. If the applied force exceeds this 
particular limit, the force of friction cannot balance 
itand the block begins to move in the direction of the 
applied force. The maximum value of the force of 
friction, which comes into play when a body just 
begins to move over the surface of another body, is 


MOTION 
-———» 


Fig.2.28 


material, there is a certain degree of interlocking of 
the minutely projecting surfaces. This involves no 
force so long as the block does not move or tend to 
move tangential with respect to the surface on which 
it rests. When the block is gently pushed, it docs not 
move because a force opposing the push is called into 
play which prevents motion. This opposing force 
arises as a reaction to the applied force and acts in the 
opposite direction. This force which is brought into 


known as the limiting friction. When there is no 
relative motion between the twp surfaces, the friction 
is a static friction and it can have any value from 
zero to the limiting friction. Thus within the limiting 
friction, the force of friction is a self-adjusting force 
i.e.as much of it comes into play as is just sufficient 
to prevent motion. Once the applied force exceeds 
this limit, the body begins to move under the action 
of the resultant force. 


a N 


—— 8 


Again friction is capable of adjusting itself not 
only with regard to its magnitude but also to the 
direction of the applied force. If, in the above case, 
the hand begins to exert from the opposite direction, 
the friction also changes its direction and opposes the 
motion of the block. 

Thus friction is a peculiar force. Zt has no inde- 
pendent existence ofits own butarises when one body 
tends to move over the surface of another and always 
acts in a direction opposite to that of the motion. 


Y 


FRICTION ——> 


D 
FORCE —» 
Fig. 2.29 Sliding friction is less than limiting 
static friction. 
DIRECTION ON 


MOTION 
——» 
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Fig. 2.30 (a) (Rolling friction) 


It is seen that after the body has actually started 
moving over the surface of another body, the force 


required to maintain the body in steady motion is . 


slightly less than that required to just start it moving. 
The force required to keep the body in steady motion 
after the motion has once started is called Sliding 
friction or dynamic friction or kinetic friction. 
Thus the sliding friction is smaller than the limiting 
friction. 

The difference between the limiting and sliding 
friction is further illustrated graphically in Fig. 2.29, 


65 


where the force of friction is represented along OY 
and the applied force along OX. Before the motion 
begins, the force of friction is always equal to and 
changes at the same rate as the applied force. It is 
illustrated by the part OE of the curve. When the 
applied force becomes OF, the force of friction is 
maximum being equal to FE (limiting friction). As 
the applied force exceeds OF, the motion begins and 
the force of friction decreases to DN (sliding friction) 
which then remains constant. 

Rolling Friction : 

When a body rolls over surface of another body 
then the opposing force that comes into play is the 
rolling friction. In case of the rolling friction the 
area in contact of the moving body over the stationary 
one is either a point (in the case of a sphere) or a line 
(in the case of a cylinder) and it keeps on changing 
as the body rolls. The cause of the rolling friction 
can be either of the following two or both. (i) The 
stationary surface over which the other body rolls, is 
not perfectly rigid, so due to the weight of the rolling 
body or the weight acting on the rolling body the 
space just below the rolling body is depressed. When 
the rolling body moves it has to move wh the ridge 
[Fig. 2.30 (a)] and energy is spent in doing it. (ii) The 
rolling body due to its own weight or the weight 
acting on it may become flat at the point of contact 
[Fig. 2.30 (b)]. 


Fig. 2.30 (b) (Rolling friction) 


But this depression in the road and flattening of 
the rolling body at the point of contact are quite small 
and they can be further minimised by having a hard 
surface and either by taking the rolling body of a hard. 
material or by having inflated rubber tyres. It may 
be pointed out that the rolling friction of steel on steel 

J 
100 
steel and steel. The rolling friction is very much less 


is only about ——th of the sliding friction between 


than the sliding friction that is why, wherever it is 
desired to have less fiction, the sliding of the body is 
changed into rolling. It is probably due to this con- 
sideration that even the primitive people started using 
circular wheels for the carriages. In the present times 
even the sliding between the shaft and the wheel is 
changed into rolling by using ball-bearing or 
cylinder bearing arrangements. These arrangements 
consist of two steel rings separated by small hard 
steel balls or rollers. The outer ring [Fig. 2.31] is 
connected to the wheel and the inner one to the shaft. 


BALLS OR 
CYLINDER 


Fig. 2.31 Ball or Cylinder bearing. 
* Friction is Both A Necessity and an Evil : 

That friction is so, is abundantly clear from our 
numerous experience in daily life. 

Friction a Necessity : 

Although friction appears as a force which op- 
poses the efforts of man yet it has certain advantages 
which cannot be overlooked. Without the frictional 
force between the ground and our feet we should be 
incapable of walking, since it is the frictional force 
that propels us forward. In the action of walking, we 
attempt to slide our feet backwards along the ground 
and the frictional force prevents this sliding motion 
from taking place and so acts forward. In the same 
way, it is the frictional forces between the road and 
the driving wheels that propel an automobile. The 
motor acts to rotate the wheels so that the surface of 
the tyre tries to slide backwards. In this case also the 
frictional force acts forward to preventthe tyre from 
slipping, and so provides the propelling force. It 
would become impossible to transmit power from 
one point to the other by means of belts without 
friction. 

Sand paper, grind-stones etc.,too depend upon 
friction for their action. In the absence of friction, it 
would be impossible to climb a tree, tie a knot or even 
fix a nail in the wall. Brick would not stand on brick, 
and buildings would tumble down like a house of 
cards. Indeed friction is so much of a necessity that 
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we deliberately increase it for many purposes. For 
instance, we apply brakes to produce friction be- 
tween them and the wheels of our cars or bicycles so 
as to stop their motion. Resin is applied to the belts 
used for the transmission of power to machines, to 
increase friction and avoid slipping. Thus we can 
multiply examples from our every day experiences to 
show that friction is a necessity in life and life would 
have become impossible without it. 

Friction an evil : 

And yet, in many other cases, the large value of 
friction is also a possible evil. For example, when 
friction occurs in-between the various parts of our 
machines, it makes their speed slower and their out- 
put is lowered and hence the efficiency of the 
machine is very much reduced. The work required 
to operate machines becomes large. Friction causes 
wear and tear of all the parts of a machine and thus 
increases the cost of running it. Moreover the energy 
wasted to overcome friction is converted into heat 
energy and causes an additional damage to the 
machine. We,therefore, use lubrication like oils etc., 
to reduce or minimise friction. 

So it is rightly said that friction is a necessary 
evil. 

Methods of Reducing Friction 


Friction between two surfaces is reduced by the 
following methods : 


(i) By Polishing : Friction is due to thc interlock- 


“ing of projections of one surface into the depressions 


of the other and by polishing the unevenness of the 
surfaces is removed. Articles made of wood or iron 
are rubbed with sand paper or emery powder to make 
their surfaces smooth. 

(ii) By applying lubricants : A lubricant such as 
an oil, grease or carbon powder is applied between 
two surfaces to fill the depression of the surface and 
thus friction is lessened. In ali machine parts, which 
work in contact with each other, a constant supply 
of the lubricating oil has to be maintained. In order 
that the lubricants may not be squeezed out of the 
various parts of the machine, |! is necessary that in 
heavy machinery thick oil must be used, whereas in 
light machinery like watches etc., thin oil. Our 
human body isa combinating of simple machines and 
nature has provided enough lubrication for those 
parts where sliding takes place, e.g., in the joints, 
tendon sheaths and around the eye balls. Loss of 
lubrication leads to pain. 


x 


(iii) By making the contact ball-bearing : As 
tolling friction is much less than the sliding or 
dynamic friction, friction betwen two surfaces is 
reduced if one of the surfaces consists of small 
wheels or small rollers or steel shots. This is what is 
done in all wheel and axle arrangements in the 
machines [Fig. 2.52(a)]. You must have noticed that 
a wheel is always mounted on the axle and ball-bear- 
ing is a part of machine. In ball bearing, the axle rolls 
on balls without any sliding while the balls themsel- 
ves roll. If the axle simply slides on the bottom of a 
sleeve,then it is called sleeve bearing[Fig 2.32] and 
there is sliding friction only. A ball bearing is prefer- 
red. to sleeve bearing. 


SLEEVE 


(Sleeve bearing) 


Fig. 2.32 

(iv) By giving stream-line shape : When a body 
moves in air or water with small speeds, it is the 
mechanical friction that matters most, for the friction 
due to the resistance of air or water is small. At high 
speeds, on the other hand, it is the air or water 
resistance that is predominant. That is why in case of 
sea ships, aeroplanes, railway engines, boats etc., the 
friction is reduced by giving them stream-line 
shapes. This explains why the shape of fast moving 
bodies are stream-lined. 

(v) Friction can also be reduced by using anti- 
friction metals such as brass or bronze as it is found 
that friction between steel and steel is greater than the 
friction between steel and anti-friction metal. 


Factors Affecting Friction : 
The force of friction depends upon the following 
factors : 


1. The force of friction is directly proportional to 
the weight of the body sliding over the surface. 


The force of friction depends upon the nature 
of the surfaces in contact. The force of friction 
is less for smooth surfaces. 
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3. The force of friction is independent of the area 
of the surface in contact so long as the weight 
of the body remains the same. 

4. Rolling friction is less than sliding friction. 

3. The force of friction on a body just before it 
Starts moving is always more than that when 
it is moving. The force of friction is equal to 
the applied force if the body slides with a 
constant speed. 

SOLVED EXAMPLES 

Example 1: 


A body of mass 0.5 kg is accelerated to 2m/s?. 
What is the magnitude of the accelerating force ? 


Solution : 
Here, m=0.5 kg 
|| a-2ms? 
Accelerating force =F =? 
F=ma 
z05x2 


=1N 


Example 2 : 


Calculate the acceleration produced when a 
force of 30 N acts on a body of mass 300 g. 


Solution : 


Here, F=30N 
00. 
m= 300 g= 1009 *8=0:3 kg 
Acceleration = a= ? 
Since F=ma 
ac eae OS a) 
ea Oars 
= 100 m/s? 
Example 3: 


By how much does the momentum of a body of 


mass 3 kg change when its speed decreases from 40 
m/s to 10 m/s. 


Solution : 


Here, m=3 kg 
Initial velocity =u=40 m/s 
Final velocity =v=10m/s 
Initial momentum =p,=mu 
=3x40 
= 120 kg m/s 
Final momentum =p,=mv 
=3x10 
= 30 kg m/s 
-. decrease in momentum 
=P Pz 
= 120-30 
= 90 kg m/s 


Example 4: 


Aman in acircus show jumps from a height of 
10 m and is caught by a net spread below him. The 
net sages down 2 m due to his impact. Find out the 
average force exerted by the net on the man to stop 
his fall. Take the mass of the man io be 60 kg and 
consider the value of acceleration during his free fall 


as 10 m/s". 


Solution : 
Here, u=0 
a-g-10m/s? 
s=10m 


Let v be the velocity with which the man strikes 
the net. 


4 yew? =2as 
or v-0=2x10x10 
or v? = 200 
or v2 10N2 m/s 
Let F be the average force exerted by the net on 
the man to stop his fall. For this journey, 
Initial velocity = 102 m/s 
Final velocity =O 
Retardation =a=? 
Distance covered =2m 
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v -u =2as 


(0? -- (10 V2 )?=2ax2 


or Retardation =a=- 50 m/s 
Since m =60kg 
Average Force =ma 
= 60x 50 
= 3000 N 
Example 5: 


Ifa net force gives a 18 kg mass an acceleration 
of 8.0 ms ^, what acceleration would the same net 
force give a 24 kg mass ? 


Solution : Given, 
m, = 18 kg 
a, = 8.0 m/s? 
m;-24kg 
827 
Since, same net force F = m,a; = m;2» 
therefore, 


my, ay 


a= 
m 


_18x8 2 
Sir 5 


= 60 m/s? 
Example 6 : 


Determine the magnitude of anet force on a 20.0 
kg block if it accelerates uniformly from 2.50 m/s to 
5.80 m/s in 3.00s. 


Solution : 
Initial velocity =u= 2.50 m/s 
Final velocity =v= 5.80 m/s 
Time taken =t= 3.00s 
Mass of the block = m = 20.0 kg 
Net force = F =? 
Since, F = ma 


y-u 


anda= 


i pam u) 


t 


.200[580-2500] y  . 
" 3.00 


222.0 N 


Example 7: 


Determine (i) the acceleration and (ii) the dis- 
tance travelled in 6.00 s when a 7500 N net force 
accelerates a 1500 kg car uniformly from rest. 


Solution : 
Net force = F = 7500 N 
mass =m = 1500 kg 
Initial velocity = u = 0 
Time taken = t= 6.00 s 
Acceleration = a=? 
Distance travelled = S =? 


Since F = ma 


(i) ». Acceleration a = 


(i) AsS = ut+ 5 ad 


1 $=043X5x36m 
Example 8 : 


A stationary football weighing 0.5 kg acquires a 
speed of 15 m/s when kicked by a player. What is 
the impulse imparted to the football ? 


Solution ; 
Here, mass = m = 0.5 kg 
Initial velocity = u « 0 
Final velocity = v= 15 m/s 
Impulse =? 
Now, Impulse = Ft = m (v-u) 
= 0,5 [15-0] 
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Example 9: 

A man throws a ball weighing 0.5 kg vertically 
upwards with a speed of 10 m/s. What will be its 
initial momentum ? What would be its momentum 
at the highest point of its flight ? 

Solution : 

Here, mass of the ball (m) = 0.5 kg 

Initial speed 

Initial momentum = mu 2 0.5 x 10 

- 


At the highest point velocity of the ball is zero 
as it rises up with uniform retardation duc to gravity. 


=u=10m/s 


-. Momentum of the ball at the highest 
point = mass x velocity 

=5x0 

=0 


Example 10: 


A 0.250 kg ball is thrown with an initial speed 
of 20.0 m/s to a batter, who hits it back along its 
original path with a speed of 30.0 m/s. If the duration 
of the impact was 10.0 ms, what was the magnitude 
of the average force on the ball ? 

Solution : 


The ball changes direction after impact ; there- 
fore, if the final direction of the ball's motion is taken 
as positive, the final velocity v = 30 m/s, and the 
initial velocity u = —20.0 m/s, 


m=0.250 kg, 
t= 10.0 ms = 0.0100 S 
Since, Fxt = m(v—u) 


wpomv-u) 


t 


0.250 [80 — (-20)] 
0.0100 


SI 


Example 11 : 


N 


Determine the momentum of a 1250 kg car that 
travels due West at 22.5 m/s. 


(b) What do you infer about the forces acting on 
the object ? 


(c) Plot the distance-time graph of the motion. 


Solution : 
Mass of the car = m = 1250 kg 
Velocity of the car = v? = 22.5 m/s West 


Momentum = p=? Solution : 
Greene um (a) Itisclear from the distance-time table that the 
AR distance covered by the object in each succes- 
p = 1250 x 22.5 N.s. West sive second is increasing and hence its speed is 
not constant but is increasing with time. In 


EEADOSSNIOPNESSWESI other words the object is being accelerated i.e., 


the acceleration is not zero. 


To find out whether the acceleration is constant 
or not, let us examine the equation of motion 


Example 12 : 


The distance-time table of an object initially at 
rest is as follows : 


ED 

Seconds 

E SED "pes 
metre 


(a) What conclusion can we draw about the ac- 2 
celeration ? Is it constant, increasing, decreas- 3 s=u+5 al 
ing or zero? e 1 etek 
where S is the distance travelled by the object in time 


DISTANCE (S) IN METRES —— —» 


TIME IN SECONDS 
Figoa3 AEN s 
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t seconds if the motion starts at time t = 0, u is the 
initial velocity and a is the uniform acceleration of 
the object. Remember this equation is true only for 
uniformly accelerated motion i.e.,a is constant. 


If the object starts from rest, that is, its initial 
velocity u = 0 then the above equation of motion 
becomes 


SE 


Since a is constant, so 


Thus, we find that, for a uniformly accelerated 
motion, the distance (S) travelled in time (t) is direct- 
ly proportional to the time squared. 

If we carefully examine the given distance-time 
table then we find that 

Set? 

Hence, we can conclude that the object is 
moving with constant acceleration. 


We can even find the magnitude of the accelera- 
tion by putting S = 4 m when t= 1 second from the 


„above table in the equation of motion 


S= 


4= 


ü 


Thus the object has a constant acceleration of 


8ms *. 


(b) Since the object has a constant acceleration, 
there must be a constant unbalanced force 
acting on it. 


(c. To draw the distance-time graph of the motion 
of this object, we must choose convenient 
scales for distance and time and plot distance 
versus time as shown in Fig, 2.33. 


The shape of the curve that we obtain is called a 
parabola. The distance-time graph of any uniformly 
accelerated motion is a parabola. In fact it was 
Galileo who first deduced that if an object travels 
with uniform acceleration, the distance travelled 
varies as the square of the time taken. Galileo did not 
have good clocks to measure time accurately. It is 


said that he used his pulse to measure the time. 
Example 13: 


Two blocks made of different metals identical 
in shape and size are acted upon by equal forces 
which cause them to slide on a horizontal surface. 
The acceleration of the second block is found to be 3 
times that of the first, what is the ratio of the mass of 
the second to the first ? 


Solution : 


As the blocks are identical in shape and size so 
their volumes are equal. Again as the blocks are 
made of different metals so their densities are dif- 
ferent and hence the blocks have different weights. 


Now, the force of friction experienced by a body 
when it slides on a horizontal surface depends on its 
weight as well as on the area of its surface in contact 
with the horizontal surface. Since the surface area in 
contact with the horizontal surface for both the 
blocks is the same as they are identical in shape and 
size and as their weights are different so both the 
blocks experience different frictional forces. 


Let f, and f; be the force of friction experienced 
by the first and the second block respectively. Let F, 
and F, be the external force exerted on the first and 
the second block respectively. 


Therefore, the force which causes sliding of the 
first block = (F, — fi) as friction opposes motion. 
Similarly, the force which causes sliding of the 
second block = (F;—f;). 

It is given that 

(Fi-f,) = (E;-£) 

If m, is the mass of the first block and a, is the 
acceleration produced in it ; m; is the mass of the 
second block and a; is the acceleration produced in 
it then 


(F,—5) = m a 
and (F,-£) = m; a; 


Hence, m; a, = m; a; 


m c 
or— ==: 
m» a 
But =3 (Given) 
ay 
m 
Thus, —=3 
m» 
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Example 14 : 

A truck starts from rest and rolls down a hill with 
constant acceleration. It travels a distance of 400 m 
in 20 s. Find its acceleration. Find the force acting 
on it if its mass is 7 metric tonnes ( 1 metric tonne = 
1000 kg). 

Solution : 

Given, 

Initial velocity of the truck =u=0 

Distance travelled = $= 400 m 

Time taken = t - 20s 

Acceleration = a=? 

Mass of the truck = m = 7 metric tonnes 
= 7000 kg 

Force (F) =? 

Now, S= [x at? 


1 


2 
a ax (20) 


=. 400 = Ox 20 + 


Again, F=ma 
F=7000 x2N 


E 14000 N| 


Example 15: 


A force of 5 newton gives a mass m, an accelera- 
tion of 8 m/s? and a mass m; an acceleration of 24 
m/s’, What acceleration would it give if both the 
masses are tied together ? 


Soltuion : 


For mass m1 
Force =F=5N 
Acceleration = a, = 8 ms? 
Mass m, =? 
Since F = m; à 


i mae = 3 kg 


For mass m2 
Force =F = 5N 


Acceleration = a; = 24 ms? 


Ifthe two masses are tied together then their total 
mass m = (m, + m;) ; 


5 5 

T E $ xJe 
B 
6 


Force MO 
Mass 5/6 


Acceleration — 


Example 16 : 


A certain force exerted for 1.2s on a mov- 
ing object increases its speed from 1.8 m/s to 4.2 ms 
1, How much will the speed of the object change if 
the same force is later applied for 2s ? 


Solution : 
Given, 
Initial velocity = u = 1.8 m/s 
Final velocity = v = 4.2 m/s 
Time taken (t) = 1.2s 
Since, acceleration (a) 


_v-u _ Change in speed 
t Time 


= [Pi] 


Since the same force is applied to the same 
object for t=2 seconds, the acceleration produced 
must be the same i.e.,a= 2 m/s 


Hence, change in speed 
in 2 seconds =axt 


= 2x22] 
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SUMMARY 


1. A force is anything which causes a body to start moving when it is at rest, or stop it when it is 


moving or deflect it once it is moving. In other words it changes the velocity of an object. 
Force is a vector quantity. It js measured in newton (N). 


One newton is defined as that force which, when applied to a mass of 1 kg, produces an acceleration 
of m/s”. 
2. Forces which just balance and produce no motion are called balanced forces and they are said to be 


m 
i in equilibrium. The resultant of such forces is zero. Equilibrium means 70 acceleration. Unbalanced 
forces are those forces which produce change in the state of motion of a body. 
3. Inertia is the tendency of a body to stay at rest or slay moving. Force overcomes the inertia of the 
body. 
Mass of a body is the quantity of matter in a body ad mass is a measure of inertia (resistance to 
change in motion). 
4, Newton's First Law of Motion : 
| Every body continues in its state of rest or of uniform motion along the same direction unless it is 
acted upon by an unbalanced force. 
at, It is also called law of inertia and this law gives us the definition of force. 


5. Newton's Second Law of Motion : 


"If an unbalanced force acts upon à body that force will produce an acceleration of the body in the 
direction of the force. The magnitude of the acceleration is directly proportional to the magnitude of 
the unbalanced force and is inversely proportional to the mass of the body." 


P= mi 
This law may also be defined as: 
"The rate of change of momentum of a body is equal to the unbalanced force acting on it.” 
t t 

Newton's second law of motion gives us the measurement of force. 

Force (N) = Mass (kg) x Acceleration (m/s) 
6. Newton's Third Law of Motion : 

"To every action there is an equal and opposite reaction." 


7. Momentum is the total quantity of motion of a body and is measured by the product of mass and 
velocity 
P= mv’ 
Tis unit is kg m/s or newton-second and it is a vector quantity. 
Impulse = Ft = mv-mu = R-P 
8. Its unit is newton-second (Ns) or kg m/s. 
9. Force of friction is that force which is brought into play when one body tends to move over another 
and which always opposes motion. 
Force of friction acts only between bodies in contact. The unevenness or roughness of the surfaces is 
the major factor which contributes to the force of friction, The maximum force of friction that ds 
| called into play when one body just begins to move over the surface of another body is called limiting 
friction. 
10. The effective force acting on the object is the difference in the magnitude of the applied force and the 
h limiting force of friction. 1 
Friction continues to act on the body even when it is in motion, When the applied force is withdrawn, 
the force of friction continues to act and ultimatcly brings the body to rest. 


11. The force of friction depends upon various factors: 
(i) If the normal or perpendicular force pressing the two surfaces together is doubled, the 
limiting friction is also doubled. 
Gi) If the force pressing the surfaces together is kept constant, but the area the surfaces 


in contact is doubled, the limiting friction is unchanged. 
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Gi) Smooth surfaces like glass and polished metal have very little friction whereas rough 
surfaces like sawn wood or sand paper have a lot of friction. 


(iv) Rolling friction is less than sliding friction. 


(v) Force of friction is a self-adjusting force. 


QUESTIONS 


[A] Objective Type Questions: 


T5 


14. 
15. 


Which of the following is a unit of force? 

(a) metre (b) newton 

(c) kilogram-second (d) metre/second 

As the mass of the contents of a box is increased, the force required to give all of it a 
constant acceleration. 

(a) decreases (b) increases 

(c) remains the same. 

A force of 120 N acts on a mass of 60 kg. If no other force acts on the object, the 


acceleration, in ms, is 

(a) 18 (b) 1800 

(c) 0.50 (d) 2.0 

A 4 kg mass moves with a velocity of 10 ms! for 5 seconds. Its momentum is...... 
An automobile weighs 3200 kg. The net force needed to give it an acceleration of 8 ms? 


A man fires in rifle. The bullet from this gun has a momentum of 20 k 
magnitude of the momentum of the rifle under these conditions is, in kg ms', 


(a) 20 (b) less than 20 


g ms’. The 


(c) more than 20 
In an object with a mass of 6 kg experiences a force of 8 N for 5 seconds, its change 
in momentum, in kg ms, is : 


(a) 30 (b) 40 
(c) 48 (d) 480 

The product of a force and the time interval during which it acts is called... 
As a constant unbalanced force acts on an object, its acccleration............ 


As the force exerted by one object on another increases, the force exerted by the second 


object on the -first........... 
If two parallel forces of 20N and 10N respectively produce no acceleration (ie, are in 
equilibrium) with a force of 30N, the nct force acting on the object is... 


The maximum force of friction is called..........friction. 

What force is necessary to keep a book sliding with constant velocity across a desk if there 
is a frictional force of 9 N opposing the motion ? 

What is produced when a met force acts upon a body? 


Complete the following statements : 


(i) When an object is free to move and a force is applied to it, it will 


(ii) When an object is free to move and two equal and opposite forces are applied to it, 
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(iv) Two conditions conceming forces which must apply to a body moving with constant 
velocity are 


(iii) If an object is moving and a force is applied to it in the opposite direction, it will 
| 
| 


(v) When an object is free to move and a number of different forces are applied to it 
in different directions it will move provided that. 
16. The action and reaction forces referred to in Newton’s third law of motion 


(a) must act on different objects (b) must act on the same object 


(c) need not be equal in magnitude but must 
have the same direction. 
17. If P and Q are two stones with masses 10 kg and 40 kg respectively, then 


| (i) P has more inertia than Q 

\ 5 (i) Q has more inertia than P 

P Gii) Pand Q have the same inertia 
(iv) None of the two has inertia. 


18. A force acts on an object which is free to move. If we know the magnitude of the force 
and the mass of the object, Newton's second law of motion enables us to determine the 


object's 
(a) speed (b) weight 


(c) acceleration (d) position 


19. When an object undergoes acceleration 


(i) its velocity always increases 
(ii) its speed always increases 
(iii) a force always acts on it 


(v) its momentum remains constant. 
When a net force acts on a car, it will be accelerated in the direction of the force with 


20. 
| an acceleration proportional to 


Gi) the velocity of the car 
(ii) the mass of the car 
(iii) the inertia of the car 


(iv) the force on the car. 
When a force of 10 newton acts on a body of mass 2 kg that is able to move freely _ 


the body moves with a 
G) speed of 5 ms 
Gi) acceleration of 5 ms” 
(ii) acceleration of 0.2 ms? 
(iv) speed of 20 ms” 
M (v) acceleration of 20 ms” 
(Choose the right answer) 


[B] Very Short Answer Type Questions : 
1, If an object is to accelerate, what must act on the object ? 


2. According to Newton's first law of motion, how large a force is acting on an object which 


moves with constant velocity ? ie 
[Hints + Any force acting on it in one direction, must be balanced by an equal force in the 
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221. 


2 


2 


16. 


opposite direction]. 

To what is the acceleration of an object proportional ? 

How are mass and inertia related ? 

Define momentum. 

Is momentum a scalar quantity or a vector quantity ? 

What is imuplse ? 

In what direction can friction act on en object which is not moving ? 

On what does the friction between two solid surfaces depend ? 

Give Sl. unit of (i) force, (ii) momentum, (iii) impulse. 

Name the physical quantity that measures the inertia of a body. Give its SI. Unit 
Is it true thát action and reaction act on the same body ? 

Name the physical quantity that is directly proportional to rate of change of momentum. 
Which has more inertia : a loaded bus or an unloaded bus ? 

Friction always opposes motion-is it false or true ? 


p 2. 
How must force is needed to move a body of mass 2 kg with an acceleration of 1 m/s? 


[C] Short Answer Type and Essay Type Questions: 


9 2 9 ^ Rot 


10. 


11. 
12. 
13. 
14. 


15, 


16, 
17, 


Define force. Mention and define the units in which force is measured in the SI system and 
in the C.G.S. system. 


Distinguish between force and mass. 

When a junked car is crushed into a compact tube, does its mass change ? 

Define : newton ; dyne. How is newton related to dyne (numerically) ? 

Define : Inertia ; momentum ; impulse ; action; reaction ; friction. 

State Newton's laws of motion. Give two examples in each case. 

State Newton's first law of motion. Explain how does it give the definition of force. 
Why Newton’s first law of motion is also called the law of inertia ? 


What do you understand bythe term inertia ? Distinguish between inertia of rest and inertia 
of motion. Give two examples in each case. 


State Newton’s sccond law of motion and explain how does it give the measurement of 
force? 
If an. object has no acceleration, can we conclude that no forces are exerted on it? 


Derive the relation 

F - ma 

where F is the force acting on a body of mass m and a is the acceleration produced in 
the body. 


State Newton's third law of motion. Give two examples to illustrate this law. 
"Newton’s second law of motion is the only law of motion." Explain. 

Define momentum. Give its SI unit. How is it related to force? 

Define impulse, Give its SI unit. How is it related to (i) force, (ii) momeatum ? 


Define friction, What is the difference between static friction and sliding friction ? Which 
of them is greater ? 


Why are the moving parts of an engine oiled ? 


Explain the statement : "Friction is a necessary evil", 
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18. 
19. 


20. 


21. 


22. 


24. 


26. 


21. 


28. 
29. 


30. 
31. 


_ 32. 


How will you increase or decrease friction ? 

What is rolling friction ? What is sliding friction ? 

Explain the importance of a wheel in everyday life. 

What is force of friction? Enumerate the factors (or parameters) that affect the force of 
friction between two surfaces when one surface slides over the other. 

A heavy stone is lying on the road. A boy applies a force of 150 N to pull it, but fails. 
Then a young man pulls it by a force 500 N, but fails. Then an athlete applies a force 
of 800N and is able to pull it. 

(a) What force does prevent it from moving in the first two cases? 

(b) What conclusions can you draw about the force from these two observations ? 

Explain how a quantitative definition of force is given by Newton's second law of motion. 
Discuss what is implied by saying that the acceleration of a body gradually decrease to zero. 
Indicate the action and reaction in each. of the following cases: 


(i) A stone suspended with a thread. 
Gi) A man standing on the ground. 
Which physical principle is involved in the working of a jet plane? 


Pull your hand towards you across the surface of a table. Which way does friction act : 

up, down towards you, away from you, sideways ? 

Push against a wall : 

(a) As there is no movement, what does this indicate about the forces ? 

(b) If the wall was to push back with a greater force, what would happen ? 

(c) If the wall was to push back with a less force, what would happen 9? 

(d) What could be said about the balance of forces in the situations described in (b) and 

(c) ? 

(a) If an object has large inertia, is it diffitult or easy to set it in motion, or to stop 
it once started 7? 

(b) Will an object have a different inertia in the weightlessness of space ? 

(c) Explain why the middle book of a pile of books can be pulled out quickly without 
the top books falling over or coming with it? 

(d) Two identical trolleys each of one kilogram mass are attached to clamp stands by 
identical springs which have been stretched by the same amount. One of the trolleys 
has a two kilogram mass placed on it Which trolley when released, will have the 
greater acceleration ? Explain your answer using the word inertia. 

(e) A load of one Kilogram is hung on a piece of strong thread and an extra piece of 
thread attached to the base of the load. Why is it that a sharp pull downwards on 
the lower piece of thread will cause a break to occur below the load while a slow 
pull will snap the thread above the weight ? “ 

(D A heavy box is lying on the floor of a room. What are the forces acting on it? 
If one tries to push the box and it does not move, does this imply a violation of 


Newton's second law of motion ? Explain. 
(A.LS.S. 1986) 


(g) Consider hitting a cricket ball with a bat. If we call the force on the bat against 
the ball the action force, identify the reaction force. 

With practice, and many broken dishes, it .is possible to jerk a tabiecloth from a table 

without significantly disturbing the dishes. Explain how this trick works. 

When a bus accelerates, the passengers feel pushed backward into their seats, and when a 

bus turns a comer, they tend to feel pushed to one side. Explain these effects. 


Can the mass of a material object ever be zero? 


Explain, in terms of Newton’s laws of motion and friction, why it is difficult to walk on 
ice. 
Why are lubricants and bearings used in machinery? 


qum 


10. 


In space, astronauts are able to move with the aid of small rockets. Explain the principles 
involved. 


Tf you are on a frictionless surface, how could you move? 
Seat belts normally reduce the possibility of injury during an automobile accident. Explain 
why. 


Once a spaceship has cleared the gravitational pull of a celestial body, it will continue in 
a straight line through space without the use of additional rocket power. Explain why this 
is possible. 


Why are the passengers jerked forward when the moving car suddenly stops? 
Why does your toe hurt when you kick a stone? 


Will you stop a speeding cricket ball suddenly with your palm flat or will you stop it 
gradully pulling your arm back with the ball ? Explain. 


What kind of path would the planets follow if suddenly no force acted on them ? 


lf the mass of a sliding block is tripled while a constant net force is applied, by how 
much does the acceleration decrease? 


Why do action and reaction pairs of forces never cancel each other ? 


PROBLEMS 


‘A force changes the velocity of a body of mass 10 kg from 5 ms! to 20 ms! in 2 
seconds, find 


(i) the initial momentum of the body (ii) the final momentum of the body 
(iii) the change in momentum of the body (iv) the force acting on the body. 
[ Ans. (i) 50 kg m/s (ii) 200 kg m/s (iii) 150 kg m/s (iv) 75 N] 
Find the force acting when a 10 kg mass accelerates at 4 m/s [Ans : 40 N] 


What is the magnitude of the force which when acts on a mass of 1.5 kg gives it à 
velocity of 5 m/s in one minute ? 
à [Ans:0.125 N] 


f 6 
What is the momentum of a beam of 10! electrons travelling together with a speed of 10 
m/s ? The mass of each electron being 9 x 10^! kg. “43 
[Ans : 9 x 107? kg m/s] 
A force of 10N acts on a body of mass 2 kg. Find the acceleration produced in the 
body. [Ans: 5 ms?] 
A gun of mass 10 tonnes fires a shot of 50 kg with a velocity of 250 m/s. Find the 
velocity of the recoil of the gun and compare the momenta. 
[Ans: 1.25 ms equal] 
A stationary ball weighing 0.25 kg acquires a speed of 10 m/s when hit by a hockey stick. 
What is the impulse imparted to the ball ? 
[Ans:2.5 Ns] 
A motor-car of mass 2000 kg is moving with a velocity of 36 km/h. By the application 
of brakes it is brought to rest in a distance of 40 m. Find the average force resisting the 
motion. 
[ Ans: 2500 NI 
A driver accelerates his car first at the rate of 1.8 m/s? and then at the rate of 12 m/s. 
Calculate the tio of the force exerted by the engine in the two cases. 
[Ans: 3:2] 
A plastic ball having a mass of 1 kg and a velocity of 8ms~! southward collides with a 
2 kg bail travelling, along the same path with a velocity of 3 ms! southward. If the 


Velocity of the 2 kg ball after impact is 4.5 ms southward, what is the velocity of the 
1 kg ball? [Ans : 5m/s southward] 
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11. 


12; 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


A target of mass 0.4 kg moving with a horizontal speed of 10 ms! is hit by a bullet of 
mass 0.01 kg moving in the opposite direction. If both the bullet and the target come to 
rest after the collision, calculate the velocity of the bullet at the time of striking the target. 
[Ans : 400ms !] 
A body of mass 2 kg is at rest. What should be the magnitude of force which will make 
the body move with a velocity of 30 ms! at the end of 1s? 
[Ans: 50 N] 
Two bodies of masses 1 kg and 2 kg respectively move in opposite direction with a speed 
of 5 m/s and collide. What is the total momentum before collision? 
[Ans: 5 kg ms’! in the direction in which a body of mass 2kg moves] 
A 36.0 g ball is hit off a bat with an initial speed of 75.0 m/s. What magnitude impulse 
was it given ? 
[Ans: 2.7 N.s.] 
Determine the magnitude of the linear momentum of an 225 g hockey puck travelling at 
162 km/h. 
[ Ans: 10.1 kg m/s ] 
What is the mass of a body which is acted upon by a 12 N net force and which produces 
in it an acceleration of 0.80 m/s [ 
[Ans: 15 kg] 


The distance-time table of an object initially at rest is as follows: 
e T 
Seconds 

peer Leo od La | 
in metres 3 


(a) What conclusion can you draw about the accelertion ? Is it constant, increasing, decreasing 
or zero? 
(b) What do you infer about the forces acting on the object if any? 


(c) Plot the distance-time graph of the motion. 
[Ans : The object has a constant acceleration of 2 m/s^] 


The distance-time graph of an object, initially at rest, is as follows: 


Time (t) in 
seconds 


Distance (s) 
in metres 


(a) What conclusion can you draw about the acceleration 7 Is it constant, increasing, decreasing 


or zero? 


(b) What do you infer about the forces acting on the object ? 
[Ans : (a) Acceleration is increasing with time 


(b) Net force acting is increasing with time ] 
A force of 300 N applied to a mass produces an acceleration of Sms. Find (i) its mass, 


(ii) its velocity at the end of 10s and (iii) the distance it moves in 10s. 
[Ans : (i) 60 kg (ii) 50 m/s (iii) 250 m] 
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CHAPTER — 3 
GRAVITATION 


LEARNING OBJECTIVES 
At the completion of this Chapter, you should be able to grasp: 


1. 


The meaning of gravitation; gravity; free fall; acceleration due to gravity of a planet. 
The law of gravitation and why is it called the universal law. 

The meaning of the universal gravitational constant G; its magnitude and SI units. 
Variation of g with altitude, latitude and depth. 

The meaning of a projectile and the nature of its path (trajectory). 

In the absence of air, all bodies fall at the same rate. 

The equations of motion of a body under gravity. 


Newton's third law of motion and gravitation. 


ROR OOF SRN (UIs REE, 


The meaning of mass with gravity. 


NES 
n O 


The concept of weightlessness in space. 


a 
N 


Difference between (i) weight and mass; (ii) inertial mass and gravitational mass. 


The meaning of a satellite; the difference between natural satellites and an artificial satellite. 


Moon is the natural satellite of earth and it is constantly falling. 


3.1 INTRODUCTION 


Force is the push or pull of one body on another 
causing an acceleration. In general, an unbalanced 
force F acting on a mass m causes the mass to 
move with an acceleration a where F = ma. Thus, 
if we find an accelerating body, it is certain that 
some force must be acting on it. 


When an object is released from a short distance 
above the earth it accelerates to the ground with a 
constant acceleration known as the acceleration of 
free fall and the force responsible for this 
acceleration is called the gravitational force which 
is one of the various kinds of forces that we come 
across in every day life e.g. Elastic forces; 
Cohesive forces; Impact forces; Electric and 
Magnetic forces; Nuclear forces; Muscular forces 
etc. In this Chapter, we will discuss the 


gravitational force. 
3,2 FORCE OF GRAVITATION 


If you lift a brick at some height above the floor 
and let go of it, it falls to the ground. What causcs 
this to happen? How did it accelerate? Bricks do not 
move sideways without being pushed or pulled and 
they do not move upwards unless they are thrown 
or something is pulling them. This means that if 
anything moves downwards there must be some 
force pushing it or pulling it towards the ground. 


You can feel this force if you hold anything in 3 


your hand or try to lift anything off the floor. The 
first person to discover why things fall to the 
ground was Sir Isaac Newton. It is said that one 


a 
t 


Fig. 3.1 


day he was sitting in his mother’s orchard when he 
saw an apple fall from a tree. This started him 
thinking why such a thing should happen. E 
explanation was that the carth and the apple pol 
each other together. The carth attracts the apple an! 


wv OMIT a eh ed et titans) i Ae GT Ee SE 
and is not affected by the pull of the apple. The 
apple, being much smailer, is pulled down towards 
the earth. It required the genius of Newton to 
realise that this attraction is only a particular case 
of a universal attraction between any two bodies 
situated anywhere in the universe. Every particle of 
matter in this universe attracts every other particle 
with a certain force in the direction of the line 
joining their centres. This force of universal 
attraction between any two particles of 
bodies is known as gravitation or force 
of gravitation. It takes place over 
unlimited distances and is independent of 
the materials of which the bodies are 
made. 


This force of attraction is very small between 
bodies of moderate size but, when, one or both of 
the bodies is sufficiently large, the force becomes 
evident. It is the force of attraction which the sun 
exerts on the earth that causes the earth to describe 
an orbit around the sun. The moon and the other 
planets also are held in space in their orbits on 
account of a similar force. The tides, which are 
risings and fallings of level of water on the shore 
of an ocean, are due to the force of attraction that 
the moon and the sun exerts on the water on the 
surface of the earth. Near the surface of the earth, 
this force is responsible for holding our 
atmosphere, for the flow of rivers, for holding us 
firmly on to the ground etc. The force of 
gravitation is one of the fundamental forces in 
nature. 


3.3 NEWTON’S LAW OF UNIVERSAL 
GRAVITATION 


Sir Isaac Newton established a law about the 
force of attraction between any two particles in the 
universe and the law is known as Newton’s Law 
of Gravitation. It states that : 


“Every body in this universe attracts every other 
body with a force which varies directly as the 
product of their masses and inversely as the square 
of the distance between their centres. The direction 
of force is along the line joining the two masses." 


Mathematically expressing the law, we can 
write that 


where F is the force of attraction between the two 
bodies of masses m, and m» and r is the distance 
between them. 
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Fig. 3.2 


The gravitational force G can be written in the 
form of an equation as 


.. (1) 


where G is a constant of proportionality and is 
known as Universal Gravitational Con- 
stant. 


It has been found that the value of G in equation 
(1) does not depend upon the values of m;, m» or r. 
It also does not depend upon who measures F and 
when or where it is measured. The constant G will 
remain the same for any two objects in this 
universe. This means that, if we measure the force 
of attraction between the sun and the earth or 
between the stone and the earth or between two 
distant stars, the ratio 


TERN 
E 


which is equal to the constant G, is the same for 
any of these pairs of objects. Such a constant 
quantity whose value remains the same anywhere 
in the universe is called a Universal Constant. 
Universal constants are very special numbers. This 
particular constant G is extremely small. 


The Unit of G depends upon the units you 
choose for force F, masses m, and m; and the 
distance r. In the SI system, the force F is 
expressed in newton (N), mass m in kilogram (kg) 
and the distance r in metre (m). The units of G in 
S I system will, therefore, be 


newton — (newton) (metre 
(kg)*/(metre)? (kg)? 

2 
"ut = Nm? kg? 


Scientists have performed very careful 
experiments to measure the value of G ina 
laboratory. To measure the value of G, we have to 
measure the force of attraction (F) between two 


M known masses m, and mz separated by a known 


distance (r). The most famous experiment* -to 
measure G accurately was performed by C. V. Boys 
in 1895. His experiment gave the value of G to be 


G = 0-000000000066734 N m? kg? 


or |G = 6.6734 x 10-1! Nm? kg? 


Thus, we can see that the value of G in these 
units is a very, very small number. 


Definition of G : If we put 
m; =m = 1 kg 
r-im 


in equation (1), we have 


1-1 
F=G>5= 
G ay G 


Thus, numerically gravitational constant G may 
be defined as the force of attraction between two 
bodies, each of mass 1 kg separated by a distance of 
Im. 


Gravitational force between objects of 
ordinary size: 


The value of the force of attraction between two 
bodies, each of mass 1 kg separated by a distance of 
l mis 


F (1 kg). (1 kg) 
=G 
(1m)? 


2 
= 6.6734 x I1! N m? kg, LEE 


1m? 
216.6734 x 10-11 N 


This is a very weak force of attraction. 


Again, let us calculate the force of attraction 
between a student of mass 40 kg and a teacher of 
mass 60 kg separated by a distance of 1 m in a 
class-room. 


ers 6-6734 x 10-11) x 40 x 60 N 
i ag 


= 1.6016 x 107N 


You will learn about this experiment in higher classes 


Again, this is a very weak force. That is why 
we are not aware of any such attraction between 
objects of ordinary size. You can also see how 
weak the force of gravitation is when you lift an 
ordinary sized stone or when a magnet picks up a 
common pin. Two books lying on a table attract 
each other due to gravitational force, but the force 
is so small that we cannot notice it. 


Gravitational force between objects of 
large mass : 

Let us now calculate the force of attraction 
between the earth and a body lying on the surface 
of the earth. Let the mass of the body be 35 kg. 
The mass of the earth is about 6 x 107^ kg. The 
distance separating the body from the centre of the 
earth is the radius of the earth which is 6-37 x 10$ 
m. 


The force of attraction (F) between the earth. and 
the body lying on the surface of the earth is given 
by 


s (6x 1024) x 35 
F-G-(631x10 


6-6734 x 10-11) (6 x 102^) x 35 N 


Vi (6:37 x 10°)? 
= 345.4N 


This is a much stronger force to be felt. We 
certainly cannot ignore this force. 


Let us again calculate the force of attraction (F) 
between the earth and the moon. Mass of the earth 
is 6 x 10% kg; mass of the moon is-7-4 x 10” kg 
and the distance between the earth and the moon Is 
3-84 x 10 m. 


The force of attraction 


p = £:6734 x 10711 x 6 x 1074 x 7-4 x 107? 
r (3-84 x 108)? 


22:0 x 1022 N 
It is quite a large force. 


Thus it is quite clear that we can ignore the 
force of attraction between objects of ordinary size 
but we certainly cannot ignore the gravitational 
force between huge objects i.e.,when we deal with 
the earth, or the moon or the sun or objects with 
very large masses like 10% kg because the force is 
enormous. Newton’s great contribution was the 
recognition of the truly universal-nature of the 
gravitational force. This gravitational force holds 


our complex universe together: it keeps the moon 
in orbit around the earth; it holds the planets in 
orbit around the sun; it anchors all of us to the 
earth so that we do not float off into space; and it 
explains the presence of globular star clusters or 
galaxies. The constant G has the same value at 
every place in the universe. Newton’s discovery of 
the law of universal gravitation is sometimes called 
the greatest single discovery in the history of 
science. 


3.4 FREELY FALLING OBJECTS 
(FREE FALL)—ACCELERATION DUE 
TO GRAVITY 


In the earlier section in this Chapter, we had 
observed a falling brick. We noticed that the speed 
of the brick increased as it fell to the earth. We said 
that this acceleration was due to the force of 
attraction between the brick and the earth. Can we 
measure this acceleration? Will this acceleration be 
large if the body has a large mass? Will heavier 
objects accelerate more than lighter ones? 


Take a pebble in your one hand and a flat piece 
of paper from your rough copy in your other hand. 
Hold the two objects at equal! heights above the 
ground and let them go at the same time. You will 
notice that the pebble falls to the ground much 
before the flat piece of paper does. You would be 
tempted to conclude that heavier objects fall faster 
than lighter ones—the view held by the Greek 
philosopher aristotle. Again, take the same pebble 
and the same piece of paper, but this time squeeze 
this piece of paper into a small paper ball. Repeat 
the experiment. You will find that the pebble and 
the paper ball would reach the ground almost at the 
same time. In other words, the paper, whose mass 
is the same, whether it is flat or squeezed, falls 
faster when it is squeezed. This simple activity 
shows that the speed of a falling body does not 
depend upon its mass. 


In fact Aristotle's view that heavier objects fall 
faster than lighter ones was the common belief for 
quite a long time. It was Galileo who decided to 
test the common feeling experimentally. There is a 
legend that he dropped two stones of different 
masses from the top of the Leaning Tower of Pisa 
(Fig. 3.3). He showed that the rate of fall (or 
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Learning Tower of Pisa: 


Fig. 3.3 


acceleration) was the same for all bodies and did not 
depend upon their masses. If, however, the 
experiment is performed very cautiously and time 
is measured very accurately it will be found that the 
rate of fall will not be identical for all bodies - 
unless the friction offered by air is eliminated. 
Galileo attributed the slowing down of lighter 
bodies (flat piece of paper etc.) to the resistance or 
the friction offered by air. If there were no air, he 
said, two objects of different masses would reach 
the ground together when dropped from the same 
height. Though Galileo could not show this 
experimentally, the same was proved by Newton 
with the help of feather and guinea experi- 
ment. He took a glass tube of about 2m length 
and of about 8 cm diameter and sealed at one end. A 
feather and a guinea were placed in the tube (Fig. 
3.4). The open end of the tube was also sealed with 
a cork having a brass tube provided with a stop- 
cock which was closed. The tube was then inverted 
suddenly and it was found that guinea fell down 
more quickly than the feather. Then the brass tube 
was connected to an air pump and air from the tube 
was removed and the experiment was repeated with 
practically no air in the tube. It was found that 
both guinea and feather fell down at the same rate 
when the tube was suddenly inverted. 


E ai. ae 


[Feather and Guinea Experiment] 
Fig 3.4 


Thus, we conclude that, in the absence of air 
resistance, all bodies irrespective of their masses 
fall at the same rate. 


We know that a falling object accelerates 
towards the earth because of the gravitational force 
of attraction between the object and the earth. We 
call the force of gravity that acts on an object the 
weight of the object. When this is the only force 
that acts on an object—that is, when air resistance 
and the like are negligible—we say that the object 
is in a state of free fall. To say something is freely 
falling is to say itis falling free of opposing 
forces of any kind, usually air resistance. The only 
force that acts on an object in free fall is the force 


of gravity. 


Whereas force of gravity tends to accelerate 
things when they fall freely, mass (or inertia) tends 
to resist the acceleration. So twice the force exerted 
on twice the inertia produces the same acceleration 
as half the force exerted on half the inertia 
(Newton's Second Law of Motion). Both accelerate 
equally. So we see the acceleration of free fall is 


independerit of weight. A boulder 100 times more 
massive then a pebble falls at the same acceleration 
as the pebble because although the force on the 
boulder (it weight) is 100 times greater than the 
force (or weight) on the pebble, its resistance to a 
change in motion (mass) is 100 times that of the 
pebble. The greater force offsets the equally greater 
mass. 


Whenever a body falls freely under the action of 
gravity an acceleration is produced in it because of 
the gravitational force of attraction between the 
body and the earth. This acceleration is know as 
acceleration due to gravity. It is denoted by 
the symbol'g'since it is the same for all freely 
falling bodies. 


Expression for g : 
Let a body of mass m be lying on or near the 


surface of the earth. Let M be the mass of the earth 
and R be its radius (Fig. 3.5) which is also the 


' distance of the body from the centre of the earth. 


The force of attraction (F) between the earth and 
the body lying on or near the surface of the earth is 
given by 


(BODY) 


Fig. (3.5) 


Law of 


(Newton's 
Gravitation) 


This is the force with which the body will fall 
freely on the earth if allowed to do so. This force 
will produce an acceleration due to gravity p in it. 
According to Newton's second law of motion, the 
acceleration g of the freely falling body is given by 


: Force 
zeae ie ue mass of the body 
ME 
or ae 
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or 


Notice that this acceleration does not depend on the 
mass m of the body that falls freely. It only 
depends on the mass of the earth (M) and the 
distance of the body (R) from the centre of the earth 
(which is also the radius of the earth R as the body 
is near or on the surface of the earth). 


Now, if we substitute the values of the mass of 
the earth and, its radius in the above equation for g, 
we can get the numerical value of this acceleration. 


Mass of the earth (M) = 6 x 10% kg 

Radius of the earth (R) = 6-4 x 105 m 
Gravitational constant =G 

= 667x102! Nm? kg? 
^. Acceleration due to gravity = g -4 
ms? 


6.67 x 1071! x 6 x 1024 
8 7 — (64x109? 


= 9-8 m/s? = 10 m/s? 


Variation of g with latitude and altitude ; 


The expression g = SM deduced earlier shows 
that the value of g must vary with latitude and 
aititude. 


The following reasons for the variation of “g”: 
are worthnoting : 


(a) As earth is not a perfect sphere but is 
slightly bulging out at the equator its radius 
decreases as we go from the equator to the poles 
and hence g, which is inversely proportional to the 
square of the radius, increases as we go from the 
equator to the poles. At the equator at sea-level its 
value is about 9-78 m/s? and at the poles it is 9-83 
m/s?. Its mean value is taken as 9-81 m/s? for all 


calculations. 


(b) Similarly the value of g decreases as we go 
up to the top of a mountain or higher up in the air. 


This decrease is given by the formula ae where h 


is the height above the surface of the earth and R is 
the radius of the earth at the given point. 


(c) It can be shown that the value of g inside the 
earth varies directly proportional to the distance 
from the centre of the earth. Hence, g decreases as 
we go down into the earth till it becomes zero at 
the centre of the earth. 


(d) Another factor which reduces the value of g 
is the force produced by the rotation of the earth. - 
As this force is directed away from the centre of the 
earth its tendency is 40 reduce the acceleration due 
to gravity. This force is also greater at the equator 
than at the poles. 


Variations of g produce similar variations in the. 
weight of a body as weight is measured by the 
product mg which varies as g because m the mass 
of the body is constant. 


3.5 MOTION OF A BODY UNDER 
GRAVITY 


In Chapter 2-1.1 (Describing Motion), we 
obtained the following equations of uniformly 
accelerated motion 


v-utat 


1 
Ss =ut *5af 


2a sz y -u 


We can also apply these equations to bodies 
falling freely under the action of gravity. The 
motion of a freely falling body is the most 
common example of a uniformly accelerated 
motion. Since all bodies, big or small, are 
Observed to fall with the same uniform acceleration 
g (acceleration due to gravity) if we neglect the 
resistance due to air, then the acceleration a in the 
above-mentioned equations of motion is replaced 
by the acceleration due to gravity g. Writing *g' in 
place of 'a' in the equations of uniformly 


accelerated motion, we have 
v=u+gt Equations of motion 


sa ui gÊ ofabody under 


2gs =v — 2 gravity. 


where g = 9-8 m/s?. 
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Bodies projected vertically upwards 
against -gravity 
When a body is thrown vertically up with a 
certain velocity, the gravity acts downwards and its 
velocity gradually decreases till it comes to rest 
momentarily and again begins to fall down. In 
other words, the body ascends with uniform 
retardation or negative acceleration i.e. ~g 
-g = -9-8 m/s? 
Negative sign indicates retardation. 
Velocity of a body falling from rest from 
a height — 
Let a body fall freely from rest from a point at a 
height h. We have to find its velocity when it has 
fallen through a height h. 


Now, 
u= 0 
ym? 
cS ES, 
s= h 
Since, v?-u2 = 2as 
v—-0 = 2gh 
or 


Greatest height attained by a body 
projected vertically upwards against 
gravity: 


Let a body be projected upwards with an initial 
velocity u. We have to find the greatest height 
attained by it. 


Now, 
Initial velocity = u 
Final velocity v = 0 
Acceleration = a=~g 
Heights$ = h=? 
v-w= 2as 
& 0-u2 = gh 


RE 


or 


Time of ascent ) 

Let a body be projected vertically upwards with 
an initial velocity u. We have to find the time of 
ascent i.e.,time taken by it to reach the greatest 
height h. 


Now, 
Initial velocity = u 
Final velocity v = 0 
Acceleration = a =-g 
Timeofascent = t=? 
v= utat 
o= u-gt 
i 


Time of descent i 
Let a body be projected upwards with an initial 
velocity u. The greatest height attained by it has 
been calculated above and is given by 
u2 
hi 2g 
, The time of ascent i.e.,the time of attaining this 
height has also been calculated above and is given 
by 


.. (1) 


z ESO) 


After attaining this greatest height, h, the body 
falls down. We have to find the time of descent i.e., 
the time taken by it to reach the starting point. 


initial velocity u = 0 


w 


Now, 


Distance = s =h = 
2g 


Acceleration = a = g 


u 
- 
u 


Time of descent 


- 3) 


The-equations (2) and (3) show that the time of 
ascent is equal to time of descent. Total time of 
flight from the starting point to the highest point 


and back is equal to ^ + i =| 4 


or 


Velocity of return 


Let a body be projected vertically upwards with 
an initial velocity u. It rises up with a uniform 
retardation. due to gravity, attains the greatest 
height, remains at rest momentarily and then 
begins to fall down.under gravity. Clearly, the total 
time of flight from the starting point and back is 


; A (derived above). 


Now, Initial velocity = u 
Final velocity = v =? 


Acceleration = a -—8 


Total time of flight = ¢ = A 
v= u+at 
DES up eh 
8 
= u-2u 
et 


or v= -4u 


Thus, the body returns with a velocity 
numerically equal to that with which it was 


projected upwards. 


3.6 NEWTON'S THIRD LAW AND 
GRAVITATION 


According to Newton's third law of motion, "To 
every action there is always an equal and opposite 
reaction." Ifan object A exerts a force on another 
object B, then the object B exerts an equal force on 
the object À in the opposite direction. This is true 
of the force of gravitation also. For example, we 


had observed earli 


er that a brick when dropped 87 


accelerates and falls towards the earth. This is due 
to the gravitational force exerted by the earth on the 
brick. In fact, the brick also attracts the earth with 
an equal force. Why then, do we see the brick 
falling to the earth, but not the earth rising towards 
the brick ? 

It is true that the gravitational pull of the brick 
on the earth is equal to the pull of the earth on the 
brick. However, the acceleration produced in the 
brick and in the earth are not equal since the mass 
of the earth is much larger as compared to the mass 
of the brick. Let us find the force exerted by the 
earth on the brick. Let us take a brick weighing 2 
kg. The mass of the earth is-6 x 10% kg. If the 
brick and the earth are separated by a distance of 6-4 
X 106 m, the force of attraction (F) is 


.Spu (Newton's law of gravitation) 


where m = mass of the brick 


M 


mass of the earth 
r = distance 
G = Gravitational constant 


6:6734 x 107!! x 2 x 6 x 1024 
=" PUES x 05) PE newton 


= ]9.6 newton 


We can now use Newton's second law of motion 
to find the acceleration a of the brick as it falls to 
the earth. 1 


The stone also pulls the earth with a force of 
19-6 N. The acceleration of the earth a..n, due to 
this pull can also be calculated from Newton's 
second law of motion. 

E 19-6 N 


Aan = M= 6x 10% kg 


= 3.26 x 10-4 ms? 


Compared to the acceleration of the brick which 
is 9:8 ms-?, this acceleration of the earth is very 
very small, that is why we do not see the earth 
rising towards the falling brick. . 


However, if there are two objects with 
comparable masses i.e.,m ~ M, their accelerations 
would be comparable. If the objects are massive, 


their accelerations would be large and the objects 
can be seen moving towards each other. In fact, 
astronomers have observed two such objects in the 
sky. Two stars Sirius A and Sirius B move around 
each other because their masses are comparable, 


3.7 MEASURING MASS WITH 
“GRAVITY (Mass and weight of an object) 


The mass of a body is defined as the quantity of 
matter in a body. This matter has the important 
property of inertia, which means that matter will 
remain at rest unless moved by an external force. 
We can thus say that a big stone is more massive 
than a little stone, because it requires a bigger force 
to make it move. In other words, the larger the 
inertia a body has, the greater is its mass. The 

' mass of a body defined in terms of its inertia is 
known as its inertial mass. 


According to Newton's second law of motion, 
when an unbalanced force (F) is applied on a body, 
the body moves with an acceleration (a). Thus 


F =ma 
F f 
or mea where m is called the 
inertial mass of the body. 


If the force is increased, the acceleration also 
increases and= = constant for a given body. If the 
'same force is applied on two different bodies, and 
accelerations produced are equal, then the inertial 
masses of the two bodies are equal i.e., 

F -mja-mja 


mj m, 


If the same force is applied on two different 
bodies of masses m; and mz, then 


F = ma = mø 


or m -2 where a, and a; are 
mz. ay 
the accelerations produced. 


It is clear that if m, > mz then az >a). In other 
words, the inertial mass of that body is more in 
which acceleration produced is less and vice versa. 
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"Mass can also be measured by the attraction to 
another mass. Two masses can be compared by the 
amount of attraction to another mass, to the earth 
for example. Mass detected in that way is called 
gravitational mass. 


The weight of a body on earth is defined as the 
force with which it is attracted by the earth. 


According to Newton’s law of gravitation, the 
gravitational force of attraction of a body towards 
the centre of the earth is equal to the weight (W) of 
the body 


Ww È yd 
orm - — where m is called the gravitational 


mass of the body; M is the mass of earth having 
radius R. Thus mass is measured either by its 
inertia as in Fig. 3.6 (a) or by its gravitational 
attraction to another mass, such as the earth as in 
Fig 3.6 (b). ` 


There is no relation between the inertial mass 
and the gravitational mass of a body. By 
definition both are two different quantities. But, 
for all practical purposes, both are taken to be 
identical. 


Both are measured in kilogram (kg). 


To understand the concept of gravitational mass 
let us consider two objects of masses m; and m; 
lying on the surface of the earth (assumed to be 
spherical). Let W, and W; be their weights. Then 

GMm, 

Lh ae is the 


acceleration due to gravity (g = 2) and 


= mı g where g 


If : Wi = W2, then m; = mz. 


Inertial mass 


(b) 


TO EARTH 
Gravitational mass 


Fig. 3.6 


This means if two objects when placed at the 
same distance from the third object (say earth), 
experience the same gravitational force, then their 
gravitational masses will be equal. This idea of 
comparing masses is used by us almost daily with 
the help of a beam balance. For example when we 
buy five kilogram of mangoes, the fruitseller keeps 
a standard five kilogram weight (mass of 5 kg) on 
one pan of the balance and mangoes on the other. 
He then adjusts the quantity of mangoes till the 
beam of the balance is horizontal. In balanced 
position, the force of earth's gravity on one pan 
becomes equal to that on the other. Therefore, the 
mass of the mangoes on the pan will be equal to 
that of the standard “5 kilogram weight" placed in 
the other pan. 


The gravitation mass of the body will be the 
same even on the surface of the moon. If the value 
of 'g' is less on the moon, the weight of the body will 
also be less but the gravitational mass is the same. In 
otherwords, the mass of an object does not change 
from place to place whereas the weight changes as 
the force of gravity (oracceleration due to gravity g) 
undergoes a change from one place to another. 


The weight of a body, which is a force, can be 
measured by means of a spring balance. Coil 
springs are used in the spring balance for 
measuring force. It is found that the change in 
length of a spring is directly proportional to the 
force acting on it (Fig. 3.7). The spring balance 
and the compression balance (Fig. 3.8) are all direct 
measuring instruments previously graduated by 
using standard masses. You need only to put the 
body whose weight you want to find on the scale 
pan or hang it from the hook and take the reading 
as shown by the pointer moving along a scale. 
Some spring balances are marked to measure force 
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in newton (N) whereas most spring balances are 
marked in kilogram (or gram). You must, however, 
remember that what operates a spring balance is a 
force and not just mass. 


Spring balance 
Fig. 3.7 


In the SI system, the unit of weight is newton 
(N) and that of mass is kilogram (kg). Weight is a 
Vector quantity and mass is a scalar quantity. 


The weight of a mass of 1 kg on earth is called 
a kilogram weight (kg wt). 


Compression balance 
Fig. 3.8. 


lkg wt =mg 


1 kg x 9-8 ms? 


9.8 N 
[ike wt = 9:8 NJ 


3.8 WEIGHTLESSNESS IN SPACE“ 


We often hear that an astronaut in a space-ship 
in deep space is weightless. What does this really 
mean ? Does it mean that the weight of the 
astronaut is zero? 


SHIP 


SPACE- 
4 
=: SHIP 5 YS 
/ 
I 
| 
| 
\ 
\ 
N 
: 7 
NC ura 
(ASTRONAUT psa 
ON EARTH ) (ASTRONAUT IN SPACE) 


Fig. 3.9 


Suppose the-space ship is orbiting at a distance 
of 2R from the centre of the earth where R is the 
radius of the earth which is 6400 km (Fig 3-9). We 
know that the gravitational force of attraction 


decreases as the square of the distance (i.e.,F e 


CIS MEG NUES a aa 
** For further knowledge only. Not to be tested 


SPACE- 


Bye 
R2 
attracts the astronaut when he is at a distance of 2R 


). Hence, the force with which the earth 


from the centre of the earth will be E times the 


force of attraction when he is on earth. That is, his 
weight at a distance of 2R (= 12800 km) will be 
1 
4 
Why then, do we say he is weightless? 


th his weight on earth, but certainly not zero. 


When you step on a spring balance such as a 
bathroomscale, you compressa spring inside. When 
the pointer stops, you compress a spring inside. 
When the pointer stops, the strong electrostatic 


. forces between the molecules inside the spring 
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material balance gravitational attraction between 
you and the earth —nothing moves as you and the 
scale are in static equilibrium. The pointer is cali- 
brated to show your weight. If you stood on a 
bathroom scale in a moving elevator, you'd find 
variations in your weight. If the elevator acceler- 
ated upward, the springs inside the bathroom scale 
would be more compressed and your weight reading 
would increase. If the elevator accelerated down- 
ward, the springs inside the scale would be less 
compressed and your weight reading ‘vould de- 
crease. If the elevator cable broke and the elevator 


fell freely, the reading on the scale would go to zero. 


According to the reading, you would be weightless. 
Would you really be weightless ? We can answer 
this question only if we agree on what we mean by 
weight. 


We define the weight of something as the force 
it exerts against the supporting floor or the 
weighing scales. According to this definition, you 
are as heavy as you feel; so in an elevator that 
accelerates downward, the supporting force of the 
floor is less and you weigh less. If the elevator is 
in free fall, your apparent weight is zero (Fig. 
3,10). Even in this weightless condition, however, 
there is still a gravitational force acting on you, 
causing your downward acceleration. But gravity 
now is not felt as weight because there is no 
support force. 


Consider an astronaut in orbit, The asironaut is 
in a state of apparent weightlessness He feels 
weightless because he is not supported by anything 
(Fig. 3.11). There would be no compression in the 
springs of a bathroom scale placed bencath his fect 


“because the bathroom scale is falling as fast as he 


is. Any objects that are released fall together with 


him and remain in his vicinity, unlike what 
happens on the ground. All the local effects of 
gravity are eliminated. The body organs respond as 


though gravity forces were absent, and this gives. 


GHEATER THAN 
NORMAL M 


e 


=j 


WEIGHT 


apparent weightlessness. To be truly weightless, he 
would have to be far out in space, well away. from 
the earth, sun and other attracting bodies, where 
gravitational forces are negligible. In this truly 


_| LESS THAN 
NORMAL WEIGHT 


có y 
ZERO WEIGHT 


(The sensation of weight equals the force with which you press against the supporting floor. If the floor 


accelerates up or down, your weight varies.) 


Fig. 3.10 


the sensation of weightlessness. The astronaut 
experiences the same sensation in orbit that he 
would feel in a falling elevator—a state of free fall. 

Note that the astronaut is still under the 
influence of gravitational force, constantly 
changing his direction (his velocity), thus 
accelerating. That's why we say he is in a state of 


(Both are “weightless.” ) 


Fig. 3.11 (a) 


weightless condition, any motion would be in a 
straight-line path rather than in the curved path of 
closed orbit. 

You can demonstrate weightlessness under free 
fall by holding a heavy object at the end of a spring 
balance. 

The spring will show the weight of the object. 
Now release the spring balance and read the 
“weight” as it falls. You will find that the weight 
shown by the balance will be zero, Will you 
conclude that the object is truly weightless? [See 
Fig. 3.11 (a) and (b)]. 


.3.9 PROJECTILES AND PLANETS 
A projectile may be defined as a body which 


' after having been given an initial velocity is 
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allowed to move under the influence of gravity 
alone i.e., it is no longer being propelled by any 
fuel e.g., a javelin thrown by an athlete, a bomb 
released from an aeroplane; a bullet shot from a 
rifle; a stone thrown into the air etc, The path of a 
projectile is called its trajectory (curved path) [Fig 
(3.12 (a)}. At first thought the trajectory seems 
rather complicated. However, it will seem 
surprisingly simple when we look at the horizontal 
and vertical components of motion separately. 


The horizontal component of motion for a 
projectile is no more complex than the horizontal 


motion of a bowling ball rolling freely along a 
level surface. If the retarding effect of friction can 
be ignored, the bowling ball moves at constant 
velocity. Since there is no force acting horizontally 
on the ball, it rolls of its own inertia and covers 
equal distances in equal intervals of time. It rolls 


Trajectory of a stone thrown horizontally 


Fig. 3.12 (a) 


in time ¢. Here, is the acceleration due to gravity 
on the surface of the earth, 


Projectile following its trajectory is just like the 
motion described above for a freely falling object. 
Like a ball dropped in mid-air, the projectile moves 
in the direction of earth gravity and accclerates 
downward (Fig. 3-13). The increase in spced in the 
vertical direction causes successively greater 
(Freely falling spring balance distances to be covered in each successive equal- 
with the stone shows a zero time interval. 

reading) 


(a) 
(The spring balance shows 
the weight of the stone) 


The vertical component of motion for a, 


Fig. 3.11 (b) 


without accelerating. The horizontal part of a. 
projectile's motion is just like the bowling ball's 
motion along the level surface [Fig. 3.12 (b)] 


N 


Interestingly enough, the horizontal component 
of motion for a projectile is completely 
independent of the vertical component of motion. 
Unless air drag or some other horizontal force acts, 
the constant horizontal velocity component is not 


(Velocity is constant because no gravitational force acts horizontally). 
Fig. 3.12 (b) 


We have studied the motion of an object like the 
stone accelerating towards the earth (falling freely 
under gravity). When released with zero velocity 
Le., from rest, it will travel a vertical distance S 


given by 
Srii 
S= 24! 
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affected by the vertical force of gravity. It.is 
important to understand that each component acts 
independently of the other, Their combined effects 
produce the curved paths that projectiles follow. 


These ideas are neatly illustrated in the 
simulated multiple-flash exposure in Fig. 3-14, 
which shows equally timed successive positions 


for a ball rolled off a horizontal table. Investigate the same horizontal distance in the equal times 
the figure carefully, for there’s a lot of good between each flash. That’s because there is no 


8 Her: ! 
o 

9 i o 
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HORIZONTAL MOTION VERTICAL MOTION ONLY COMBINED HORIZONTAL SUPERPOSITION 
WITH NO GRAVITY WITH GRAVITY AND VERTICAL MOTION OF CASES 


(Simulated photographs of a moving ball illuminatea with a strobe light) 


Fig. 3.14 mire) 
e 


® 
© 
e 
[.) 
( A strobe-light photograph of two balls released simultaneously 
from a mechanism that allows one ball to drop freely while the e 
other is projected horizontally) 
Fig. 3.15 Drop a ball and it accelerates downward 
Hehe andcovers a greater vertical distance 
physics there. each second 
The curved path of the ball is best analyzed by Fig. 3.13 


considering the horizontal and vertical components 

of motion separately. There are two important’ component of gravitational force acting 
things to notice. The first is that the ball’s horizontally. Gravity acts only downward, so the 
horizontal component of motion doesn’t change as only acceleration of the ball is downward. The 
the falling ball moves:sideways. The ball travels second thing to note from the figure is that the 


vertical positions become farther apart with time. 
The distances travelled vertically are the same as if 
the ball were simply dropped. It is interesting to 
note that the downward motion of the ball is the 


imaginary line until it finally strikes the ground. 
Get this : The vertical distance it falls beneath any 
point on the dashed line is the same vertical 
distance it would fall if it were dropped from rest 


Fig. 3.16 


same as that of free fall. Fig. 3-15 is an actual 
strobe-light photograph of two balls released 
simultaneously. 


The path traced by a projectile that accelerates 
only in the vertical direction while moving at a 
constant horizontal velocity is a parabola. When air 
resistance can be neglected—usually for slow- 
moving projectiles or ones very heavy compared to 
the forces of air resistance—the curved paths are 


parabolic. 


Consider a cannonball shot at an upward angle 
(Fig. 3-16). Pretend for a moment that there is no 
gravity; according to the law of inertia, the 
cannonball would follow the straight-line path’ 
shown by the line. But there is gravity, so 
this doesn’t happen. What really happens is that 
the cannonball continually falls beneath the- 


and had been falling for the same amount of time. 
This distance is given by S = 5 gr, where t is the 
elapsed time. 


We can put it another way : Shoot a projectile 
skyward at some angle and pretend there is no 
gravity. After so many seconds t, it should be at à 
certain point along a straight line path. But because 

of gravity, it is not, Where is it? The answer is 
that it is directly below this point. How far below? 
The answer in metres is 4-9 t?. How about that! 


Note another thing from Fig. 3-16. The 
“cannonball moves equal horizontal distances in 
equal time intervals. That is because no 
acceleration takes place horizontally. The only 
acceleration is vertically, in the direction of earth’s 


gravity. The vertical distance it falls below the 
imaginary straight-line path during equal time 
intervals continually increases with time. 


In order to learn more about the motion of 
projectiles, the students can perform the following 
simple activity : 


Take two coins and place them next fo each 
other on the edge of a table. Now flick away one of 
the coins parallel to the ground and release the 
second so that it just topples over (Fig. 3.17). Take 
care to ensure taht both coins leave the table at the 
same time. Do the coins hit the ground simultane- 
ously ? You can decide this by listening to the clink 
of the coins as they reach the ground. If you hear 
only one clink you can conclude that they hit the 
ground simultaneously. If you hear two distinct 
clinks, you can be sure that the coins reach the 
ground at different times. 


Fig (3-17) 


If you perform this activity carefully, you will 
notice that both coins take the same amount of 
time to trave! the vertical distance from the table to 
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the ground. You can try this activity by flicking 
one of the coins with different speeds or from 
tables of different heights. As long as your flick is 
parallel to the surface and both coins leave the edge 
of the table simultaneously, the coins will hit the 
ground at the same time. 


This shows that in any given time interval, the 
vertical distance travelled by an object thrown 
parallel to the surface of the earth is the same as 
that travelled by an object released from the same 
height. Fig. 3-15 shows this fact pictorially if the 
two balls are replaced by two coins. Notice how 
both coins are at the same height at any given 
time. 


Thus, we find that the horizontal and vertical 
motions of a projectile are independent of each 
other. This follows from the fact that the time 
taken to reach the ground by a body projected 
horizontally is the same as if it were just dropped 
freely from that height. Hence the relation between 
the vertical distance (S) travelled in time t is given 
by S= 8 gt? 

However, the horizontal distance travelled by a 
projectile will not be the same. It wili depend upon 
the initial speed with which a projectile is thrown. 
The larger the speed with which it is thrown, the 
larger is the horizontal distance travelled. Fig. 3.18 
shows the trajectories of objects thrown parallel to 
the ground with different speeds. Notice how the 
horizontal distance covered increases as the throw- 
ing speed increases. 


Such falling objects are called projectiles (that 
is, those which are projected or thrown), 


M 


(iii) 


[The horizontal distance travelled by a projectile increases with increase in initial horizontal Speed] 
Fig. 3.18 
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Fast-Moving Projectiles—Satellites 


Baseball games normally take place on level 
ground. For the short-range projectile motion on 
the playing field, the earth can be considered to be 
flat because the flight of the baseball is not affected 
by the earth’s curvature. For very long-range 
projectiles, however, the curvature of the earth’s 
surface must be taken into-account. We will now 
see that if an object is projected fast enough, it will 
fall all the way around the earth and be an earth 


(Fig. 3-20).* This means that if you were floating 
in a calm ocean, you would be able to see only the 
top of a 4-9 metre mast on a ship 8 kilometres 
away. So if a baseball could be thrown fast enough 
to travel a horizontal distance of 8 kilometres 
during the time (1 second) it takes to fall 4-9 
metres, then it would follow the curvature of the ° 
earth. A little thought will show that this speed is 
8 kilometres per second. If this doesn't seem fast, 
convert it to kilometres per hour and you get an 
impressive 29,000 kilometres per hour. 


(Throw a stone at any speed and 1 second later it will have fallen 4-9 m below where it would have been 


without gravity) 


Fig. 3-19 
MEL WU I DE ————8000m———————————* 


(EARTH'S CURVATURE- NOT TO SCALE I) 


Fig. 3.20 (Earth's curvature —not to scale!) 


satellite. Consider the ball thrown from the cliff in 
Fig. 3-19. If gravity did not act on the ball, the 
ball would follow a straight-line path shown by the 
dashed line. But there is gravity so the ball falls 
below this straight-line path. In fact, 1 second after 
the ball leaves the pitcher’s hand it will have fallen 
a vertical distance of 4-9 metres below the dashed 
line—whatever the pitching speed. It is important 
to understand this, for it is the crux of satellite 
motion. 


An earth satellite is simply a projectile that falls 
around the earth rather than into it. The speed of 
the satellite must be great enough to ensure that its 
falling distance matches the earth's curvature.* A 
"geometrical fact about the curvature of our earth is 
that its surface drops a vertical distance of 4-9- 
metres for every 8000 metres tangent to the surface 
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(If the speed of the stone and the curvature of n 
trajectory are great enough, the stone may becom 


a satellite.) Fig. 3:21 
poate oe MN S! Un] S OG RAR 


* The conventional definition of to fall is “to get closer ! 
the earth", satellites such as the moon do not do this. n 
Science. we will find many cases where the technic? 

definition differs from the conventional. For example, V€ 
say "the sun rises" and "the moon sets," but technically they 
do not. 7 

+ A tangent to a circle or to the earth’s surface is a straight 
line that touches the circle or surface at one place, so it }$ 
parallel to the circle at the point of contact. 


(The space shuttle is a projectile in a constant 
State of free fall. Because of its tangential velocity, 
it falls around the earth rather than vertically into 
it.) 

Fig. 3:22 

At this Speed, atmospheric friction would burn 
the baseball or even a piece of iron to a crisp. This 
IS the fate of grains of sand and other meteorites 

at graze the earth's atmosphere and burn up, 

appearing as “falling stars". That is why satellites 
Such as the space shuttles are launched to altitudes 
"0f 150 kilometres or so. A common misconception 
is that satellites orbiting at high altitudes are free 
from gravity. Nothing could be further from the 
truth. The force of gravity on a satellite 150 
Kilometres above the earth’s surface is nearly as 
Breat as at the surface. The high altitude is to put 
the satellite beyond the earth’s atmosphere, not 
beyond the earth’s gravity. 

The moon is the natural shtellite of the 
earth. The first artificial (i.e., man-made) satellite 
Was launched by U.S.S.R. in 1956. Since then 
many artificial satellites have been launched and 
Put into orbit several hundred kilometres above the 
Surface of the earth. India launched its first satellite. 
—ARYABHATTA on 19th April, 1975. 


Moon is constantly falling ** $ 

Newton was the first scientist to realize that the 
moon is a satellite of the earth (a projectile). It has 
just the right speed to keep circling the earth. It 
Completes one such circle in 27 days and 8 hours. 
It is constantly falling towards the earth but cannot 
hit the earth because the earth’s surface curves 
down under it by the same amount. Let us calculate 
the vertical distance the moon falls in 2 days. 


The force (F) with which the earth pulls the 
Moon is given by Newton’s law of gravitation 
A SiAn (1) 


ee 
For knowledge sake only—not to be tested, 


Where M, = mass of the earth 
M, = mass of the moon 
R = distance. between the earth 
and the moon. 
and G = universal gravitational 
constant. 


Fjom Newton’s second law of motion, the 
acceleration ‘a’ of the moon is given by 


= ...(2) 


Since all falling objects travel a vertical distance 
given by the relation : 


I 

I 
n 
E 

[3 


Vertical distance — 


as GE 
8 R? 
radius of the earth. 


where R, is the 


Astronomers have found that the distance (R) 
from the earth to the moon is 60 times the radius 
of the earth (R,). 

Using this information, R = 60 Re 


In 2 days, therefore, the moon falls a vertical 
distance : 


j 1 R? 
Vertical distance = 28 (oR)? 2 X 24 x 60 x 60)? 
l MS 2 
23X 9:8 x 3659 X (48 x 3600) m 
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= 40642000 m 


= 40642 km 


Scale drawing of the motion of the moon 
in its orbit 

Let us test whether this distance predicted by the 
law of gravitation is correct. Let us calculate the 
distance through which the moon falls in two days 
by making a scale drawing of the orbit of the 
moon. Fig. 3-23 shows the circular orbit of the 
moon. The scale used is 50,000 km = 1 cm. The 


A Moon 
C [ [——..2 DAYS LATER 


distance agreed beautifully with the observed 
orbit of the moon. Then Newton knew that the 
law of gravitation which he had proposed must 
be right. 


We can perform the same calculation for the 
planets which orbit round the sun. It is the 
gravitational attraction of the sun that keeps the 
planets in their orbits, just as the moon goes 
round the earth due to the attraction of the earth 
(Fig. 3-24). 


MOON 


Scale = 1 cm =5000 km 


Fig. 3:23 Scale drawing of the motion of the moon in its orbit Scale, 1 cm — 50000 kra 


orbit of the moon which is a circle of radius R — 


384400 km is shown by a circle of radius 7-7 cm. 


In 27 days the moon covers an angle of 360°. In 2 
days, therefore, it will traverse through an angle of 
26-6 degrees. The point P, therefore, represents the 
position of the moon after 2 days. The distance that 
the moon falls is, therefore, represented by the 
length AC which, in the drawing, is 8 mm. 
Multiplying by the scale factor 50,000, we get the 
actual distance through which the moon falls in 
two days equal to 40,000 km. This answer 1s very 
close to the value predicted from the law of 


gravitation. 


It was Newton who fixst calculated this result 
to test his law of gravitation. This calculated 


98 


SOLVED EXAMPLES 


Example 1: Calculate the gravitational force 
exerted by the sun on the earth using the 
following data : 

Mass of the sun = m, = 1:99 x 10? kg 
Mass of the earth= m, = 5-98 x 10% kg 


Distance between the centres of the sun and 
the earth = r= 1-49 x 10!! m 


G 2667 x 107! N m?/kg? 


Solution : From Newton’s law of universal 
gravitation we have for the magnitude of the 


gravitational force F 


Solution: According to Newton’s law of 
gravitation, 


ORBIT OF EARTH 


^ luu 


TS 


e 
= 
= 

N 


(Earth in its orbit around the sun ) 


where m, is the mass of the sun, m, is the mass 
of the earth and r is the distance between the 
centres of the sun and the earth. 


Hence, 


F= (6:67 x 10-1) (1-99 x 1030) (5-98 x 1024) 


(1:49 x 10112 
= 3-58 x 107 kg. m/s? 


=|3-58 x 102? N 


It is this enormous force of 3-58 x 1022 N 
which keeps the earth moving in its elliptical 
orbit about the sun. If it ceased to exist, the earth 
would go flying off in a straight line tangent to 
its original orbit. 


Example 2: If 9 x 107 N existed as the force of 
gravitation between the earth and a body of mass 
m on its surface, what would be the value of m? 
Take mass of the earth = 6 x 10% kg and 

G = 667 x 10-1! N m?/kg? 


Radius of the earth = 6:4 x 10? km 


Fig. 3:24 
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GMm 
m 


F= 


where F = force of gravitation 
M = mass of the earth 
r = radius of the earth 


6:67 x 10-!! x 6 x 1024x m 
; jS DROITE ee LOR), 
. 9x 10 (6-4 x 105)? 


‘or mass of the body = m 


-9x 10? x (6-4 x 1092 kg 


~ 6:67 x 10-1! x 6 x 1023 


=|9-2 x 10° kg 


Example 3: Calculate the force of gravity 
on a body of mass 100 kg placed on the surface 
of the earth (g= 10 ms?). 


Solution: Force of gravity is the force with 
which the earth attracts a body towards its centre 
lying on its surface. The magnitude of this force 
= mg 


where m is the mass of the body and g is its 
acceleration due to gravity. 
= 10010 asg= 10 m/s 


- [1000 


Example 4: Calculate the value of acceleration 
due to gravity on the surface of the moon. Take 
mass of moon 7-4 x 10” kg and its radius 1740 
km. G = 6-67 x 10-1! Nm2/kg. 
Solution : We know that 

G 


ju = 
cu R cp 


6-67 x 10-1 x 7-4 x 1022 
=~ “(1740 x 103)? Qus 


= {1-63 m/s? 
Example 5 : A body of weight 600 N rests on 
the floor of a lift. If the lift begins to fall freely 
under gravity, what is the force with which the 
body presses on the floor ?* r 
Solution: Let a body of mass m be carried by a 
lift moving downwards with uniform acceleration 
a (Fig. 3-25). R (REACTION) 


f-o 


mg (WEIGHT) 
| Fig. 3.25 


Let us find the pressure on the floor of the 
lift. The forces acting on the body are : 


(1) The reaction R of the plane of the lift 
upwards which is equal and opposite to the 
pressure which the mass exerts on the plane. 


(2) The weight mg acting vertically 
downwards, The total force acting downwards on 
the mass is (mg — R). This force is responsible 
for moving downwards the mass m with uniform 
acceleration a. 


By Newton’s second law of motion, we have 
Force = Mass x Acceleration 
mg-R 2mxa 


100 


or R = m(g-a) 
If the lift begins to fall freely under gravity 
then 
a@=g 

Hence, R=m(g—g)=0 

This means the force with which the body 
presses on the floor of the lift is zero. In other 
words the body is in a state of weightlessness. 
Example 6 : A man in a circus show jumps 
from a height of 10 m and is caught by a net 
spread below him. The net sags down 2 m due to 
his impact. Find out the average force exerted by 
the net on the man to stop his fall. Take the 
mass of the man to be 60 kg and consider the 
value of acceleration during his free fall as 10 
m/s?, 


Solution : Here, u - 0 
a =g -10m/$? 
s =10m 


Let v be the velocity with which the man 
strikes the net. i 


y-w-2as 
or v—-0 = 2x10x 10 
or v2 = 200 
or v= 102 m/s 


Let F be the average force exerted by the net on 
the man to stop his fall. For this journey, 


Initial velocity = 10N2 m/s 

Final velocity =0 

Retardation =a=? 

Distance covered =2m 

y-wy =2as 
(0)?- (10 V2) ` =2ax2 
or retardation =a=—50 m/s? 
Since m =60kg 
-. Average Force =ma 
= 60 x 50 


=|3000 N 


Example 7 : A stone is dropped from the edge 
of the roof 


(a) how long does it take to fall 4-9 m? 


(b) how fast does it move at the end of that fall? 


——— — 


(c) how fast does it move at the end of 7-9 
metres? 


(d) what is its acceleration after 1 second and after 
2 seconds? 


Solution : When a stone is dropped, its initial 
velocity is zero. : 


u =0 


9-8 ms? 


Ii 


& 


(a) S=ul+ Fatt 


4.9 = 0+5 x 98x? 


=I 


Thus, the stone takes 1s to fall 4-9 m. 
(b) v=u+gt 
0 498 xi 


= [9:8 m/s] 


The stone moves with a velocity of 9-8 m/s at 
the end of 4-9 m fall. 


(c) y-u =295 
v? — (0)? = 2(9.8)7.9 
or v? = 154-84 


v = N15484 = [12:44 mis 


The stone moves with a velocity of 12-44 m/s at 
the end of 7-9 m. 


(d) Since the stone is falling freely under the 
action of gravity, its motion is called 
uniformly ^ accelerated motion. Thus its 
acceleration known as acceleration due to gravity 
(g) is constant at every moment during its free 
fall. Hence, the acceleration of the stone is a = g 
= 9.8 m/s? after 1 second as well as after 2 
seconds. 


Example 8: A stone drops from the edge of the 
roof, It passes a window 2 m high in 0-1 second. 
How far is the roof above the top of the window? 
(g = 9.8 m/s?) 
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Solution : Refer to Fig 3-26 where R is the 
edge of the roof and PQ = 2 m is the height of a 
window. The stone is dropped from the edge R of 
the roof. Let its velocity when it reaches P (the 
top of the window) be v;. The stone covers the 
distance PQ = 2 m in 0-1 second (given). Thus 
for distance PQ, 


Initial velocity =v 


Height =$ =PQ =2m 
Time taken =1=0-1 second 
Since, S =ut + gi? 


 2=vx01 «i x 9.8 x (0-1? 
or v = 19.5] wes 


Let y be the distance of the roof from the top of 
the window. 


For this distance, 
Initial velocity = u=0 
Final velocity = v = 19:51 m/s 
Distance travelled = y =? 
Since, 2 gy = y? = u? 


1. 2X98xy = (19-51)2— (0? 


oy = 119-42 m| 


Example 9: A boy on a cliff 49 m high drops a 
stone. One second later he throws a second stone 
after the first. They both hit the ground at the 
same time. With what speed did he throw the 
second stone? (g = 9-8.m/s?) 
Solution : First stone : 
Initial velocity of the first stone = 4; = 0 
Acceleration due to gravity = g = 9-8 m/s? 
Height of the cliff = S = 49 m 
Time taken by the first stone to hit the ground 


Since S =u; h + T gn? 


49 =0+5 x 9-8 x 1,2 
or t? =10 


t =V10 = 3-162 seconds. 


Second stone : It is given that the second 
stone is thrown 1 second later and since both the 
stones hit the ground at the same time, the time 
taken (tz) by the second stone to fall through the 
height of the cliff 49 m is given as 


t} = 3-162 — 1 = 2-162 seconds 


Let uz = Initial velocity of the second stone 


Again, $ = uz t + js ty? 
or49 =u) 2-162 + x 9.8 x (2-162)? 


or uz = [1207 m/s] 


The second stone is thrown vertically 
downwards with a velocity of 12-07 m/s. 


Example 10: (a) What is the mass of an object 
whose weight is 49 Newton? (g = 9:8 m/s?) 


(b) How much would a 65 kg man weigh on (i) 
the moon (ii) the earth? Given acceleration due to 
gravity of the earth Zoan = 9-8 ms-? and of the 
moon : 
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Zmoon = 1:63 ms. 

(c) What would be his mas on the earth and on 

the moon ? 

Solution : (a) mass of an object =m =? 
Weight of the object = W= 49 newton 
Acceleration due to gravity of the earth 


= g = 9-8 m/s? 


Since, Weight of an object W = mg 


(b) Given, mass of the man = m = 65 kg 
Acceleration due to gravity of the earth 


= Zeanh = 9-8 ms? 
Acceleration due to gravity of the moon 
-= Zmoon = 1:63 ms? 
(i) Weight of the man on the moon 


= M8 moon 


= 65 x 1-63 newton 


=]105-95 newton 


(ii) Weight of the man on the earth = Mgeanh 


= 65 x 9-8 newton 


d 637 newton 


(c) Since the mass of a body remains Conan 
the mass of the man remains 65 kg on the earl 
as well as on the moon. 


Example 11: The earth’s gravitational force 
causes an acceleration of 5 m/s? in a 1 kg mass 
somewhere in space. How much will the 
acceleration of a 3 kg mass be at the same place? 


Solution: Since the acceleration due to 
gravitational force is independent of the mass of 
the body in which the acceleration is produced, so 
at the same place the acceleration of a 3 kg mass 
will be the same as that of a 1 kg mass. In other 


words the acceleration of a 3 kg mass at the same 
place will also be 5m/s?. 

Example 12: If a body weighs 60 kg on earth, 
how far must it go from the centre of the earth so 
that it weighs 30 kg? Radius of the earth = 6-4 x 
106 m. : 
Solution : The weight (W,) of a body on the 
surface of the earth of radius R is given by 

GM,, 

W= m (1) 
where G is the gravitational constant; M is 
the mass of the earth and m is the mass of the 
body. 

The weight (W,) of the same body ata distance 
r from the centre of the earth and above the earth's 
surface is given by 


GM, 
W= = Bae (2) 


Dividing (1) by (2), we have 


Wince 

W R? 
TRENES 

Sr R NW, 
W, 

or r=R W, 


Now W, = 60x 9.8 N; W, =30x9.8 N 
and R = 6-4 x 106 m 


60 
30 


=|9-05 x 105 m 


Example 13: A ball is thrown vertically 
upward from the top of a bridge and falls into the 
water directly below the bridge 8:00 seconds later 
(i) How high did the ball go above the bridge, 
and (ii) how high is the bridge if the initial 
speed of the ball is 20-0 m/s? Neglect air 
resistance (Take g = 9.8 m/s?) 


“ 7=6-4 x 106 


Solution : (i) Initial velocity of the ball = u = 
20-0 m/s 
Acceleration due to gravity =— g = — 9-8 m/s? 
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(as g acts downwards) 
Final velocity = v = 0 as the ball comes 
momentarily to rest at the top of its flight. 
Vertical distance = S= h=? 
Since, 2 a S = y2? — 42 
<- 2 (-8) h =v? -u2 


or 2 (-9-8) 4 = (0)? — (20)2 


(ii) Initial velocity of the ball = u = 20-0 m/s 
Total time of flight = t = 8-00 second 


Acceleration due to gravity = — g =— 9-8 m/s? 
Vertical distance = S=h=? 


Note that the displacement isa vector 
quantity measured from the origin to the 
terminal point of the path. In this case the origin 
of the motion was the top of the bridge and the 
terminal point was the water below the bridge. 
Therefore, the displacement magnitude is merely 
the height of the bridge, even though the ball 
was initially thrown upward to a position 20-4 m 
above the bridge (Fig. 3-27). We need not 
consider the distance that the stone travels 
because the equations of motion relate vector 
quantities. 


| Rises 20.4m 
above 
the bridge 


Height of the 
bridge is equal 
to the magnitude 


DISPLACEMENT of the 


displacement 


Since, S=ut+= gt? 


=. h= (20-0) x 8 + E (-9-8) (S? 


-Exs«m] 


The minus sign indicates that the displacement is down. 


SUMMARY 
1. Gravitation (or force of gravitation): 


Every particle of matter in this universe attracts every other particle with a certain force in the direction of the une 
joining their centres. This force of universal attraction is known as gravitation. 


2 Newton's Law of Gravitation: 


Every body in this universe attracts every other body with a force which varies directly as the product of their masses and 
inversely as the square of the distance between their centres. The direction of force is along the line joining the centres 
of the two bodies. 


Mathematically we can express this law as: 


G 
p. Emm 


í where G = 667 x 1011 N m?/kg? 
3. Gravity of the earth: 

It is the force of attraction between the earth and the body lying on or near the surface of the earth. 
4. Acceleration due to gravity (g): 

It is the acceleration produced in a body due to the force of gravity. 


T ee =9.8 m/s? where M is the mass of the earth having radius R. 


It varies with latitude and altitude at a place. Outside the earth, the value of g decreases with an increase in the 
„distance. Inside the earth, the value of g decreases as we go towards its centre where its value is zero. 


5, In the absence of air resistance, all bodies irrespective of their masses fall at the same rate i.e,,all bodies fall with the 
same constant acceleration due to gravity (g). 


6, Free fall: 


When force of gravity is the only force that acts on an object, we say that the object is in a state of free fall. To say 
something is freely falling is to say it is falling free of opposing forces of any kind, NT air resistance. 


7. Equations of motion of a body under gravity: 


vsusg 
1 
Smid + 5 gt 


. Paw = 2 g5 where g = 98 m/s2 


Here S is the vertical distance, u is the initial velocity of the body; v is the final velocity of the body and t is the time 
taken, The acceleration due to gravity (g) is taken as positive mA body falling freely der gravity and negative fora 
body thrown vertically upwards, 
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& Weight of a body: 
It is a force with which a body is attracted by the earth. 


Weight of a body = mg, where m is the mass of the body and g is the acceleration due to gravity. 


9. Distinction between mass and weight: 


G) It is the quantity of matter in a body. @ It is the pull of the earth on a body. 


Gi) Masses are compared by physical balances. Gi) Weights are measured by spring balances. 


Gii) It is a scalar quantity. Gi) Itis a vector quantity. 


(iv) Mass of a body does not change from place to place. Gv) Weight of a body changes from one place to another. 


(v) Mass (m) -E or N () Weight (W) = mg 


8 
(vi) Its unit is newton (N). 


(vi) Its unit is kilogram (kg). 


10. A projectile is a body, which after having been given an initial velocity is allowed to move under the influence of gravity 
alone. 


The horizontal and vertical motions of a projectile are independent of each other. 
The path of a projectile is called its trajectory. 
11. A body orbiting a planet is called its satellite. 


Moon is the natural satellite of earth. It is constantly falling towards the earth. It does not hit the earth because the 
earth's surface curves away by the same amount. 


QUESTIONS 


[A] Objective Type Questions: 


1, If the distance between two objects of constant mass is doubled, the gravitational force between 
them becomes 


(a) one-fourth as great (b) one-half as great 
(c) twice as great (d) four times as great . 
2. A20 kg mass is raised 5 m above the floor. Its weight, in newtons, is ....... . 


5. As a distant meteor approaches a planct with no atmosphere, its acceleration towards the planet 


4, When a kilogram of stainless steel is taken from sea level to the top of the Mount Everest, the 
weight of the stainless steel ...... but its mass ....... 
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5. If the mass of one of two objects is doubled while the distance between them is also doubled, the 
gravitational force between them becomes ...... as great. 


& The force of attraction between two bodies does not depend on 
(a) their separation (b) the product of their masses 
(c) the sum of their masses (d) the gravitational constant. 
7. Newton's Law of Gravitation 
(a) can be verified in the laboratory (b) cannot be verified but is true 
(c) is valid only on earth (d) is valid only in the solar system. 


8. If a planet existed whose mass was twice that of the earth and whose radius 3 times greater, a 10 kg 
mass on its surface would weigh 


(a) 2-2 newton (b) 4-4 newton 
(c) 6-7 newton (d) 13:3 newton 


9. When a space-ship is at a distance equal to two earth's.radii from the centre of the earth, its 
gravitational acceleration is 


(a) 19-6 m/s2 (5) 9:8 m/s2 


(c) 4.9 m/s2 (d) 2-45 m/s2 


10. Ifa planct existed whose mass and radius were both half those of the carth, the acceleration due to 
gravity at its surface would be 


(a) 19-6 ms? (b) 9-8 ms? 
(c) 49 ms? (d) 245 ms? 
11. The acceleration due to gravity. 
(a) has the same value everywhere in space 
(b) has the same value everywhere on the earth 
(c) varies with the latitude on the earth 
(d) is greater on the moon due to its smaller diameter. 
12. The weight of an object 
(a) is the gravity of the matter it contains. 
(b) refers to its inertia. 
(c) is the same as its mass but expressed in different units. 
(d) is the force with which it is attracted to the earth. 
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13. A stone is dropped from a cliff. Its speed after it has fallen 100 m is 


(a) 9-8 m/s (b) 44-2 m/s 
©19-46m/s ` @) 98 m/s 

14. A ballis thrown up and attains a maximum height of 100 m. Its initial velocity was 
(a) 9-8 m/s (b) 44-2 m/s 
(c) 19-6 m/s (d) 98 m/s 

15. A stone dropped from the roof of a building takes 4 seconds to reach the ground. The height of the 
building is 
(a) 19-6 m (b) 39:2m ` 
(c) 1568m (d) 78-4 m 

16. When an object is thrown up, the force of gravity 
(a) is opposite to the direction of motion 
(b) is in the same direction as the direction of motion 
(c) decreases as it rises up 
(d) increases as it rises up 

17. In vacuum all freely falling bodies 
(a) have the same speed (b) have the same velocity 
(c) have the same acceleration (d) have the same force. 

18. A woman with a normal weight of 500 N stands on a spring balance in an elevator which is 
accelerating upward with an acceleration of 3-0 m/s?. The apparent weight of the woman, as read 
from the spring scale is : 

(a) 500 N (b) 350 N 
(c) 650 N (a) 0 
(e) None of the above. 
[ Hints: R-mg = ma where R is the apparent weight] 
19. Aie these statements true ? 


(a) Gravity is the attraction of mass for all other mass, 
(b) Gravity acts over long distances, through empty space and through matter, 


(c) The force of gravity pulls any two masses directly toward each other, 
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[B] 


[C] 


1. What did Galileo discover in his legendary experiment on the 


2 What exactly is meant bya “freely falling” object? 


. An object of mass 5 kg falls freely with an acceleration of 9-8 m/s 


Very Short Answer Type Questions: 


- How are mass and weight related ? 


What is the weight of a one-kilogram box ? 


. State Newton's law of gravitation. 


To what part of the universe does Newton’s law of gravitation seem to apply ? 
How does the gravitational pull depend on the distance between objects ? 


Is the value of the gravitational constant same anywhere in this universe? 


. What is the value of G in SI units ? 


The earth exerts a force of 9-8 N on a mass of 1 k 


| 
experience on earth? 


l 


B on earth. How much force will a mass of 500g 


. Is it true that the value of g i.e, acceleration due to gravity is the same for all planets? 


2. What will be the acceleration of 
a freely falling object of mass 30 kg? 


- State the SI unit of weight of a body. 


. State the SI unit of gravitational constant (G). 


- State the SI unit of mass of an object. 


State the SI unit of acceleration due to gravity on the moon. 


A satellite in orbit round the earth is an example of a freely. falling body. Is it true or false? 


. Define gravitational constant, 


- Define acceleration due to gravity on earth, j 


Define free fall of a body. Or 


When is the body said to be falling freely? 


Short Answer Type and Essay Type Questions 


Leaning Tower? 


3. What is the gain in speed Per second for a freely falling object? 
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20. 


21. 


. In Newton's thinking, what was the direction of force on a planet? 


If there is an attractive force between all objects, why do we not feel ourselves gravitating toward 
massive buildings in our vicinity? 


By how much does the gravitational force between two objects decrease when the distance between 
them is doubled ? Tripled ? Increased tenfold? What will happen to the force when the distance is 
halved? i 


Consider an apple at the top of a tree that is pulled by earth gravity with a force of 1 N. If the tree 


1 
were twice as tall, would the force of gravity be only gas strong? Defend your answer. 


. In what sense is being infinitely far away from all celestial bodies like stepping off a table? 


[Hints : In both cases you would experience weightlessness. Far from celestial bodies you would be 
weightless in the strict sense, for you would be away from all;gravitational influences; stepping from 
a table, you would momentarily experience apparent weightlessness because there would be a 
momentary lapse of support force.] 


State Newton’s law of gravitation and hence define universal gravitationa! constant G. State its SI 
unit. Why is the law called universal? 


What is the magnitude of the gravitational force between the earth and your body? 


- What is the magnitude of the gravitational force between the earth and a 1 kg mass? 


. In Newton's insight, what did a falling apple have in common with the moon? 
; How can the moon "fall" without getting closer to the earth? 
- How does the force of gravity between two objects depend on their masses? 


- How does the force of gravity depend on the distance between two objects ? 


Define weight of a body. State its S I unit. 


. Distinguish between; (i) weight and mass of a body (ii) Inertial mass and gravitational mass. 


. Define acceleration due to gravity of a body on a planet? What is its magnitude on earth? State its 


SI unit. 


. If the sun were twice as massive, would its pull on earth be twice as large? Would the earth’s pull on 


it then be twice as large? 
Do you think you would weigh more or less on the top of Mt. Everest that you do at home? Why? 


If the mass of the earth remained constant but it began to shrink, what do you think would happen 
to the value of g? Is g larger at the equator or the poles? 


Earth and the moon exert equal but opposite gravitational pulls on each other. Is it true or false ? 
Why ? 


When a bullet is fired horizontally from a rifle, does it begin to fall as soon as it leaves the barrel? Or 
doés air friction have to slow it so it will fall ? 
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24. A large asteroid collides with the moon, adding its mass to the moon’s. Does earth’s force of gravity 
on the moon increase ? 


25. Why a shoe and a coin, dropped simultaneously from shoulder height, accelerate toward the 
ground at the same rate ? E 


[Hints: The net force on both the shoe and the coin is essentially the pull of gravity. On their way to 
the ground, they never move fast enough for air drag to become a factor.] 


26. What is meant by weightlessness? Give an example. 


27. What is a projectile? Give two examples of a projectile. Mention the expression for the vertical 
distance travelled by a projectile in time t. 


28. What is an earth's satellite ? Why does it not fall to the earth 2 


29. Deduce an expression for the acceleration due to gravity (g) fora body falling freely under earth’: 


S 
gravity. Hence, show that the value of g is independent of the mass of the falling body. 


30. A body of mass m is falling freely on earth. The mass of the earth is M. Sh 


ow that the acceleration 
with which the earth rises towards the body is given by 


m 
earth = M & 


where g is the acceleration of the freely falling body. 
31. How is the law of gravitation used for the measurement of mass ? 


32. Using Newton's law of gravitation, calculate the Vertical distance the moon falls in 3 days Check 
your result by making a scale drawing choosing aconvenient scale, ^ ^ 


33. Explain why 10 kg stone will fall with the same acceleration as 1 kg stone ? 
34. Will an object have a different inertia in the weightlessness of space ? 


35. A person might weigh 700 newtons on earth, t 


ravels to the moon in an almost 
and on arrival at the moon finds that his weigh 


a weightless condition 
tis less than 120 newtons, 


(a) What is the meaning of the term weight ? 


(b) Although the weight of the person might change, h i i 
What net 4 g ‘ange, he possesses a peoberty, which will not change, 


resistance. 


37. (a). What is gravitation ? 


(b) State Newton's law of gravitation and hence define Bravity and gravitational constant. 


(c) What is the value of G in SI system ? 


(d) What is the relationship between acceleration due to gravity and Bravitational constant ? 
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39. 


10. 


Do you think the weight of a body will be the same everywhere on the Earth's surface ? Will it be 
the same if we go up a mountain or down a coal mine ? On the moon ? Way out in space? 


Would your force-weighing apparatus be any use in these other places ? If not what other sort of 
apparatus would you have to take with you on a space journey to be able to measure forces ? 


Why does a body become weightless ? Would it be pleasant to be weightless ? 


PROBLEMS 
What will be the weight of a body which has a mass of 5 kg ? (g = 98 m/ s2) [Ans. 49 N] 


Two spheres with masses of 5 kg and 10 kg respectively are 0-300 metre apart. Calculate the force of 
attraction between them. (G = 667 x 10-11 Nm2/kg2) [ Ans. 3-705 x 10-9N] 


. A 70 kg boy stands 1 m away from a 60 kg boy. Calculate the force of attraction between them. (G = 


6:66 x 10-11 Nm2/kg2) [Ans. 27972 x 10-7 N] 


Suppose you are 101? km from a certain star and observe that the force of attraction between your 
spaceship and the star is 50 N. What will be the force when the distance of the star is reduced to 10? 
km? [Ans. 5x 10-7 N] 
. Calculate the mass of the earth from the following data: 
g-98m/s? 
G - 667 x 10-11 N m2/kg2 
R- 634x106 m 
Here 'g' is acceleration due to gravity, G is the gravitational constant and R is the radius of the 
earth. [ Ans:. 60 x 1023 kg] 
. What will be the value of acceleration due to gravity at a place where a mass of 10 kg has a weight of 
75kgwt? (1kgwte 98N) LAns. 75 ms] 
- Calculate the force of gravity due to the earth on a 40 kg boy standing on the ground. Mass of the 
earth = 6 x 1024 kg and radius of the earth = 6-4 x 10? km. [Ans. 400 N] 


. Hydrogen atom, which is the simplest structure of all atoms, consists of an electron of mass 


93 x 10-31 kg and a proton of mass 1-7 x 10-27 kg separated by an average distance of 5-3 x 10711 
m. Compute the gravitational force between them. G = 6-67 x 10-11 Nm2/kg2. [An. : 3-67 x 10-47 N) 


A man has a mass of 70 kg on earth. What is his weight ? What are his mass and weight on the 
1 
moon? Take g = 10 ms~ on earth and g = 1-7 ms~ on the moon (ie, g th that on the earth). 
[Ans. 700 N, 70 kg; 119 N] 
A passenger in a stationary lift observes that an object hanging from a spring balance weighs 8 N. 


Later, when the lift is in motion, the reading on the spring balance is 6-8 N. Describe the motion of 
the lift at that moment. 
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11. 


1092, 


13. 


14. 


T 


16. 


1 


18. 


19. 


20. 


21. 


22. 


9 


n 


the object ha: on a physic ori y W. (e) Vi d when the lift 
f the object had been Te al balance riginall hat would have happene 

I ) 

started to move as above? [ Ans. 1-5 m/s? downward] 


A rock is dropped from the top of a 35-0 m building. (a) How long does it take to reach the pound 2 
(b) What is the speed of the rock as it strikes the ground ? [Ans. (a) 2:67 second (b) 26-2 ms-1] 


Whil ines in hi i i d with an initial 
i my lines in his balloon, a soldier throws a bomb vertically downwar Y d 

s EX of 120 m/s from a height of 1250 m. (a) What is the speed of the bomb as it strikes the 

Sound? (b) How long does it take the bomb to reach the ground? [ Ans: (a) 157 m/s (b) 14-8 second] 


i i i low exactly 2:50 second later. 

1 is thrown straight downward from a tower and hits the ground be exactl econd late 
REN high is payee and (ii) What is the speed of the ball just before impact if its initial 
Nia oed is 8:00 m/s? [ Ans. ( 507 m (ii) 32-5 m/s] 


i i i i 18-0 second later. (a) 
ber in a vertical dive at 60.0 m/s releases a bomb that strikes the ground : 
WERL speed of the bomb just befor it strikes the ground? (b) From what height was the 


bomb released ? [Ans. (a) 237 m/s (b) 2670 m] 


i i i its initi ed? (b) How 
bullet fired vertically upward reaches a height of 2500 m. (a) What was its initial speed 
long Eo take to reach the height of 2500 m ? [ Ans. (a)221 m/s (b) 22-6 second] 


A rock is thrown vertically downward, into a lake, with an initial speed of 75-0 km/h from the topofa 
135 m cliff. (a) How long does it take to reach the water? (b) What is the speed of the rock as it 


strikes the water? [Ans. (a) 3:54 second (b) 55.5 m/s] 


A ball is thrown vertically upward with an initial s 


peed of 32:0 m/s. (a) How high will it go? (b) How 
long will it take to return to the ground ? (c) What 


is its speed as it strikes the ground ? 


[Ans. (a) 52:24 m (b) 6:53 second (c) 32 ms-1] 


A stone is dropped from a cliff into the sea below. 


© How long does the fall last, and (ii) What is the 
speed of the stone as it strikes the water if the cliff 


is 350 m high? Neglect air resistance. 


[Ans. (i) 2-67 second (ii) 26-2 m/s] 


What is the mass of a woman whose weight at the earth’s surface is 525 N? (g = 9.81 m/s2) 

[ Ans. 5355 kg] 
At the instant of blast off from the earth's surface, 
is 2-82 x 106 kg and the total upward thrust (force) 
9.81 m/s2). (Hints :F- mg = ma) 


determine the acceleration of a rocket if its mass 
developed by its five engines is 3:50 x 107 N. (g = 
[Ans. 2-60 m/s2 upward] 


Suppose a planet existed whose mass was three times that of the earth and radius four times that of 
the earth (i) What would be the weight of a mass of 160 kg on that planet ? (ii) What would be its 
mass on that planet? 


[Ans: (i) 30 N (ii) 160 kg] 


(a) What is the force exerted on a freely falling ball, which has a mass of 20 kg, 


by the gravitational 
attraction of the earth? 


(b) What reaction force is exerted on the earth by the ball ? 
(c) What acceleration of the earth would this force produce ? 


(Mass of the earth = 5.98 x 1024 kg; g = 9-8 m/s2), [Ans. (a) 19-6 N (b) 19.6 N (c) 3.2.x 10-24 m/s2] 


DD 


112 


CHAPTER — 4 
SIMPLE PENDULUM AND RESTORING FORCE 


LEARNING OBJECTIVES 


At the completion of this Chapter, you should be able to grasp : 
@ The concept of oscillatory motion and the meaning of periodic motion with examples from everyday life. 
(i) ^ The meaning of simple pendulum ; oscillation (or vibration) ; time period ; frequency ; amplitude & length of 


simple pendulum. 


(iii) ^ The study of graphs between (8) Land T and (b) Land T? of a simple pendulum where L is the length of simple 


pendulum and T is its time period. 


(iv) The meaning of restoring force and the origin of restoring force in a simple pendulum. 


(v) The meaning of damped oscillations. 


4.1. INTRODUCTION 

In Chapter 1 we studied the motion of a 
body moving with constant speed in a straight 
line. We learnt to find the distance travelled by 
such a body in any given time. We then observed 
that bodies rarely move at the same speed. They 
change their speed or direction of motion due to the 
forces acting on them. We then learnt that an 
unbalanced force acting on a material body produced 
acceleration. This led us to study the motion of 
accelerated bodies. Motion in a straight line (i.e., 
rectilinear motion) with constant speed and 
constant acceleration is not the only kind of 
motion we come across in daily life. There is a 
kind of motion of a body due to which the body 
moves to and fro about its rest (or mean) position. 
Such a motion is called oscillatory motion, 
e.g., the motion of a child in a swing ; the motion 
of the piston of a steam engine ; the motion of the 
pendulum of a wall-clock. Let us now study a type 
of motion that repeats itself that is periodic 
motion. It is an oscillatory motion that repeats 
itself at regular intervals of time. A vibratory 
simple pendulum executes this type of motion. In 
this Chapter we shall study in some details the 
periodic motion of a simple pendulum. 


4.2. THE SIMPLE PENDULUM 
An ideal simple pendulum consists of a 
heavy particle or a small heavy spherical ball 
suspended by a long, weightless, inextensible and 
perfectly flexible string from a point about which 
it can oscillate without friction. But as these 
conditions cannot be achieved in practice, a 
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metallic ball suspended by a fine cotton thread 
constitutes a simple pendulum. 

Take a small heavy metallic sphere or a small 
stone or a pebble and tie it to one end of a string of 
a length of about one metre. Suspend the string 
as shown in Fig. 44 so that the 


THREAD 
CORK PIECE 


Fig. 4.1 Simple Pendulum 


metallic sphere or stone or pebble is free to 
swing. We now have a simple pendulum. The 
metallic sphere or the stone or the pebble is called 
the bob of the simple pendulum. The position O 
where the simple pendulum rests is called the mean 
position or the rest position of the simple 
pendulum (Fig. 4.7). 


1r ine simpie pendulum whose position of rest 
is CO (Fig. 4.1) is slightly displaced to position 
CA keeping the string taut and then let go, we 
will observe that the bob begins to move towards 
the mean position O as shown by the arrow. It 
does not stop at the mean position O due to the 
inertia of motion but it swings to position CB. At 


B it reverses its direction and begins to move - 


towards the mean position O as indicated by the 
arrow. It crosses the mean position O and reaches 
the extreme position A where it again reverses it 
direction and begins to repeat the motion. Thus 
the bob of the simple pendulum keeps moving to 
and fro between two extreme positions A and B 
about thé mean position O. Such a to and fro 
motion which repeats itself is called oscillatory 
motion. 


The length of simple pendulum is the distance 
from the point of suspension about which the 
pendulum pivots to the centre of mass of the bob. 
Let us denote it by ‘L’ (Fig. 4.7). 


When the bob of the simple pendulum moves 
from one extreme position, say A, to the other 
extreme position B and then back to the extreme 
-position A, then we say that the simple pendulum 
has executed one oscillation (Sec Fig. 4.1 )or one 
vibration. 


The time taken by the simple pendulum to 
complete one oscillation (or vibration) is called its 
time period or simply period. Let us denote it by 
the letter ^T". 


The number of oscillations made by a simple 
pendulum in one second is called its frequency, It is 
denoted by the letter n or the Greek letter 9. 


The maximum displacement of the bob of a simple 
pendulum on either side of its mean Position is 
called the amplitude of the oscillation of the 
pendulum, In other words, the distance (along the 
arc) between the mean Position O and one of the 
extreme positions is called the amplitude of a 
vibrating simple pendulum. Arc OA or OB is the 
amplitude of the simple pendulum (Fig, 4.1). 


In order to make a detailed study of the motion 
of a simple pendulum, we need to measure the time 
it takes to complete one oscillation i.e., its time- 
period T. 


If we measure the time the simple pendulum 
takes to complete one vibration with the help of a 
stop-watch or a stop-clock, we will notice that this 
time is so small that it cannot be accurately 
determined. We should, therefore, measure the 
time for a large number of oscillations, say 30 
oscillations and then divide this time by 30 to get 
the time for one oscillation, i.e., its time-period T. 


Activity 


Let us take three objects such as a small stone 
or pebble, a small eraser and a small sphere of 
brass with a hook. Let us first make a simple 
pendulum having its length as 1 m with the 
pebble as its bob. Set this pendulum in Oscillation 
and measure the time for 30 oscillations with a 
wrist-watch or a Stop-watch. Let it be t. Then find 

t 


30 which is the time for one complete Oscillation, 


Hi aR Tat. 
Łe. its time-period, T. In other words 30 


Repeat ‘this activity with the eraser and the 
small sphere of brass instead of the pebble 


te le ch ci 
Fill in'the following table : ibe 
Object at the Time taken Time Period (T) 

end of the for 30 is seconds 

string oscillations 


(t) in seconds (ttt eri 


30 
a waecricc e SEHE MM ir 


Does the time taken for one oscillation change 
when the object tied at the end of the String is 
changed ? 


We will find that the time-period (T) of the 
pendulum is the same in each case, t.e., T does not 
depend on the mass of the bob of the simple 
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pendulum. Thus, we conclude that the time-period 
(T) of a simple pendulum does not depend on the 
mass of its bob. 


Let us now see if the time-period (T) of the 
simple pendulum depends on its length (L). 


Activity : 
Make a simple pendulum by taking its length 
(L) as 80 cm and tying a pebble or a small brass 


sphere with a hook as its bob. With the help of a 
stop-watch, measure the time for 30 oscillations 
and then determine the time for one complete 
oscillation, i.e., its time-period (T). 


Use different lengths (L) of the pendulum with 
the same bob and measure the time-period (T) in 
each case. Fill in the table on next page for 
different iengths of the string, say L = 80, 90, 100, 
110, 120, 130, 140 cm. 


Length of the Time for Time-Period T: 
pendulum (L) 30 oscillations (t) (T) in seconds 
(in cm) (in seconds) T= S 
30 
80 
90 
100 
110 
120 
130 
140 
related by E 
L = constant x T? 
YA Y 
Graph between L & T? (140,5.61) 
A 5.50 
8 
£ 5.25 (130,5.24) 
o 
E 5. 
T S 475 
3 a 
a 4.50 
o 
E 
E. 425 
i » [X 
o ——> L(Length) x 4.00: 


Fig. 4.2 Graph between T and L 


What is the relation between L and T ? Let 
us plot a graph of the length of the pendulum L 
and its corresponding period T in the above 
activity. We will get a graph which looks like 
[Fig. 4.2]. What can you conclude from the graph ? 
This reminds us of the parabola which we studied 
at the end of Chapter 2-2 (Force and Acceleration). 
In such a graph, the length L and the period T are 


80 90 100 110 120 130 x 
L (Length) —» 


Fig. 4.3 Graph between L and T^ 


or l- constant. 
T 


_ What would a graph of L against T look 
like ? We have seen a relationship of this sort 
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before (Chapter 2-1). When an object moves with 
uniform speed, the relationship between the 
distance travelled and the time taken is exactly like 
the one above, that is, 


distance. — constant speed 


time 

Remember, the distance — (time)? graph for 
such an object was a straight line. So let us plot a 
graph of L on the X-axis and T’on the Y-axis 
(Fig. 4.3). The straight line which is obtained 
confirms our guess that L and T are related by 


L = constant x T? 
L. 


or T? = constant. 
We have to evaluate the constant. We could find 
the ratio from the observations that we have noted. 


The value of the constant is given by the slope of 


the straight line graph shown in Fig. 4.3. If you 
have performed this activity carefully you should 
get the following value for the constant : 


Constant = 0.248, 


What are the units of this constant ? If you go back 


to the relationship L , you can easily see that the 


constant has the same dimension as acceleration. 
Therefore, 


Constant = 0.248 m/s” 
Thus, we have found the relationship between 


Land T as E = 0.248 where L is in metre and 


T in second. 

__ In fact, when you will learn more about the 
simple pendulum in higher classes, you will find 
that the constant is just the acceleration due to 
gravity (g) divided by 472. 


In other words, 
L=- 72 
4x2 


or T 2 2n4] L 
Yr "be G) 


The equation (i) gives the time-period (T) of a 
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simple pendulum in terms of the length of the 
pendulum (L) and the acceleration due to gravity 
(g). From this relation we notice that 


@ the time period of a simple pendulum does 
not depend on the mass of its bob. 


(b) the time-period of a simple pendulum is ` 


directly proportional to the square root of the 
length of the pendulum 


ToYL 
or ToL 


(c) the time-period of a simple pendulum is 
inversely proportional to the square root of 
the acceleration due to gravity (g). 


Let us now find the length of a simple 
pendulum at a place (where g = 9.8 m/s?) whose 
time-period is 1 second. 


From the relation 


Ts 274) 5 we have 


T= us 
orL2T^-E. 
4n 


Here, T = 1 second 
-E= Constant = 0.248 m/s? 
4n 

^ L= (0 x(0248)m 

or L = 0.248 m. 


4.3 DAMPING OF OSCILLATIONS 

The oscillatory motions we have considered 
so far have dealt with an ideal simple pendulum, 
that is a simple pendulum that oscillates 
indefinitely under the action of a restoring force. In 
a realistic simple pendulum, dissipative forces, 
such as friction, are present and retard the motion 
of the pendulum. Consequently the mechanical 
energy of the system will diminish in time, and the 
motion is said to be damped. 


i Damped oscillations are periodic oscillations 
with gradually decreasing amplitude. 


The oscillations of a simple pendulum are 
damped oscillations (Fig. 4.4). The oscillations do 
Not go on forever. The amplitude of oscillations 
gradually decreases until the body comes to rest. 


The gradually [o 
decreasing amplitude = 
indicates dissipation 7\\ 
of energy. There are / \ 
two main causes_of / $ 
the dissipation of 
energy : (1) forces of 
internal friction, called .— / ^ 
into play due to the / y 
relative Misplacement Ba [9] Lb A 
of the particles within s = 

the body progressively 
dissipate the energy. 
Thus gradual 
transformation of 
energy of vibration 
into heat takes place, 
(2): the oscillating 
body continuously = 
transfers energy to the 
particles of the 
medium jin which it is 
situated. 


Damping of Oscillations 
Fig. 44 


In each oscillation, part of the energy is 
communicated to the particles of the medium in 
contact with the body which in turn pass that on to 
the other neighbouring particles. Thus the energy 
of oscillation is continuously dissipated. by 
frictional and radiation losses. From the point of 
view of an oscillating system, the'effect of both is 
to resist the motion. 


If we put the pendulum in a big evacuated 
vessel or tube and, therefore, eliminate air friction, 
the pendulum will continue to oscillate for a longer 
time. 


If, however, we immerse the pendulum in a jar 
containing a liquid, the oscillating pendulum would 
quickly come to rest. In fact, the time in which it 
comes to rest tells us the extent of friction exerted 
by the liquid. This method is sometimes used to 
find the frictional forces exerted by the liquid. 


It is observed that a simple pendulum with a 
small and heavy bob will oscillate in air for a 
much larger time than a pendulum with a large and 
light bob because a small bob has a small surface 

„area and hence would experience less frictional 
forces and a heavy bob has more inertia and, hence, 
would be more effective in resisting the force of 
friction, 
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4.4 RESTORING FORCE 


Observe the oscillation of a simple pendulum 
(Fig. 4.1) and let us consider the force which is 


* responsible for keeping a pendulum in oscillation. 


When the bob of the pendulum moves from its 
mean position O to one of the extreme positions, 
say A, then from A to O, from O to the other 
extreme position B and then back to the mean 
position O, we say that the pendulum executes one 
complete oscillation. Answer the following 
questions in connection with the four stages of 
one complete oscillation of the bob of the 
pendulum : 


Does the speed of the bob of the pendulum 
increase or decrease as it goes from (1) O to A ? 
(2) Ato O t (0) O10 B ? (4) B toO? 


Remember that a force acting in the direction 
opposite to that of motion decreases the speed. The 
slowing down of a ball thrown up is an example of 
this . On the other hand, when the force acts in the 
direction of motion, the speed of an object always 
increases. A ball speeding up when released from a 
height is an example of this. 


What is the direction of the force responsible 
for the speeding up or slowing down of the bob as 
it oscillates ? 

(i) Motion from O to A: 
As the bob moves from O to A , its velocity 
gradually decreases from a maximum value at 
O to zero at A where it momentarily stops. 
Hence, an unbalanced force must be acting in 
a direction opposite to the direction of 
motion during this stage, i.e., the force is 
directed towards the mean position O. 
(ii) Motion from A to O : 

At the extreme position A the pendulum 
reverses its direction of motion and moves 
towards the mean position O. During this 
stage, the speed of the bob increases from 
zero at A to a maximum value at O. Since 
the bob is tracing a curved path, the direction 
of its motion is also changing constantly. In 
other words, the velocity of the bob 
increases as it moves from A to O. We know 
that the velocity of a body can change only if 
an unbalanced force acts on it. Hence during 


this stage also, the force acts towards the 

Mean position because from A to O the 

velocity is gradually increasing. 
(üi) Motion from O to B : 

During this stage, the velocity of the bob 

gradually decreases until it reaches the 

extreme position B where its velocity is 
momentarily zero. Hence, an unbalanced force 

must be acting in a direction opposite to the 
direction of motion during this stage i.e., the 
force is again directed towards the mean 
position O. 

(iv) Motion from B to O : 

At the extreme position B the bob of the 
pendulum reverses its direction of motion and 
moves towards the mean position O. During 
this stage the velocity of the bob gradually 
increases until it reaches O where its velocity 
is maximum. Hence, during this stage also, 
the unbalanced force is directed towards the 
mean position. 

Thus, we find that the unbalanced force acting 
on the simple pendulum depends on the position of 
its bob. If the bob is to the right of the mean 
position O (Fig. 4.1), the unbalanced force acts to 
the left. When the bob is to the left of the mean 
Position O, the unbalanced force acts to the right. 
Hence the velocity of the bob always increases 
when it moves towards the mean position O. The 
velocity decreases as it moves away from O, It is 
this unbalanced force which is responsible for 
keeping a simple pendulum in oscillation. Such 
an unbalanced force which acts towards the centre 
or the mean position during an oscillatory motion 
is called the restoring force. 


Let us see another example of. restoring forces : 
NORMAL SPRING 
WALL MASS 


STRETCHED | 3 OTHFRICTIONLESS 
s D TAB 
SFRING | RESTORING FORCE ue 


MASS 


—> RESTORING FORCE 
| MASS 


COMPRESSED 
SPRING 


(Fig. 4.5) [Oscillation of a mass due to a spring] 
** For further knowledge only 


Consider a mass sliding on a perfectly smooth, 
frictionless table and attached to one end ofa 
spring, the other end of which is held fixed by a 
peg P on a wall (Fig. 4.5). In Fig. 4.5 the mass is 
shown at its rest position or mean position O. The 
spring then has its natural, unextended length and 
exerts no force on the mass. In Fig. 4.5 (b) the 
mass has been pulled to the Tight, thereby, 
increasing the length of the spring and then it is 
released. It is a well-known characteristic of a 
spring that, when it is extended or compressed, it 
exerts.a force in an attempt to retain its original 
length. The greater the extension or compression, 
the greater is the restoring force. Hence the 
extended spring exerts a restoring force on the 
mass which is directed towards the mean position 
O. As a result the mass begins to move towards 
O. Due to inertia of motion, the Mass Overshoots 
the mean position O and moves to the left until it 
Teaches the extreme position B (Fig.4.5 (c)). At 
this position the Spring is compressed and now it 
exerts a restoring force on the mass pushing it to 
the right in an attempt to regain its original length, 
In this case also, the Testoring force is directed 
towards the mean position O. 


Thus we find that if a mass attached with a 
horizontal Spring is displaced from its original rest 
position or the mean Position, the system exerts a 
restoring force on it which is in Such a direction as 
to return it to its mean Position. Hence it is this 
restoring force which keeps the mass in horizontal 
Oscillation about its mean position, 


If there were no frictional forces the 
oscillations caused by restoring forces would 
continue forever, However, as we saw earlier, a 
pendulum, ultimately comes to a stop due to 
friction. You may be familiar with a Swing in a 
park which quickly Stops if some force is not 
applied. Sometimes this Slowing down is desirable, 


45 **WHY DOES THE PENDULUM 
OSCILLATE ? (The Origin of Restoring Force) 


What is the origin of the restoring force in a 
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Obviously, the mass at the end of the string would 
fall to the earth. This, we have learnt, is due to the 
gravitational attraction of the earth. The string, 
therefore, holds the bob at a height by balancing 
the attraction of the earth. Thus there are two forces 
acting on the pendulum. One is the gravitational 
attraction of the earth which pulls the bob towards 
the earth i.e., weight = mg of the bob where m is 
the mass of the bob and g is acceleration due to 
gravity at a place on the earth. The second is the 
force exerted by the string along its length called 
tension (T) which prevents the bob from falling to 
the earth. 


Support 


Fr Support 


7 String 


T (Tension; 


c 


Bob | Res 


[o] 
| (Mean Position) 
weight 


weight - mg 


(a) (b, 


Fig. 4.6 


When the bob is at its mean position O, th^ 
two force, i.e., the weight of the bob and the 
tension in the string are balanced. Since these 
balanced forces cannot change the state of motion 
of the pendulum (i.e., produce no acceleration) so 
the bob will remain at rest at O as shown in Fig. 
4.6 (a). 


However, when the bob is at an extreme 
position A, an unbalanced force acts on the bob and 
hence the bob begins to moye towards O. What 
happens is that the tension (T) in the string can no 
longer compensate and balance the pull of the 
earth, The bob, therefore, falls but is kept at à fixed 
distance from the support by the string. The 


trajectory of the bob is, therefore, an arc of a circle 
as shown in Fig 9.6 (b). 


When the bob falls and returns to the mean 
position O, the pull of the earth is again balanced 
by the string. That is, the total force on the bob is 
now zero. But unlike before, the bob is not at rest. 
It has a certain velocity. In the absence of any force. 
at the mean position, the bob continues ahead due 
io inertia of motion with the same-velocity and 
crosses over to the other side. 


Once it crosses the mean position the string 
cannot balance the pull of the earth. Its velocity, 
therefore, decreases, until at the other extreme 
position B, its velocity is zero. It now begins its 
fall back to the earth exactly as it fell before, i.e., 
as it did when it was at A. Each time it arrives at 
the mean position, it crosses over to the other side 
due to its inertia and the oscillations continue. 


Thus we find that it is the combination of the 
two forces, the pull of the string (i.e., its tension) 
and the pull of the earth that give rise to the 
restoring force, directed towards the mean position. 
This restoring force is responsible for keeping the 
simple pendulum in oscillation. 

SOLVED EXAMPLES 
Example 1. 
What is the period of a pendulum of length 9. 
8 metres ? ( g =9.8 m/s”) 
Solution 


Given 
L-98m g-98 m/s? 


DE? 
T= b 


Since, 
ʻ T= 274) a = 2n seconds 
= 6.286 seconds 


Exemple 2. 


Sc^ond's pendulum is that simple pendulum 
whose »^ngth is such that it completes one 
oscillation in 2 seconds. Calculate the length of a 
second's penculum at a place where g = 9. 8 m/s’, 


Solution 
Given, 
T =2 secona.: g = 9.8 m/s? 
BE 
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We xnow that 
T=2ny/k 


oT 
or TE. x98 
4m 4x (22) 
7 


=F] 


= 0. 993 metre = 99.3 cm 
Example 3. 


A simple pendulum, of length 120 cm, 
completes 40 oscillations in 88 seconds at a place. 
Calculate the acceleration due to gravity at that 
place. 


Solution : 
Given, L= 120 cm = 120m 


T = 88 = 2.20 seconds 
40 
g=? 
Since, T = any 
orT?- ax 
ji 
n g=4r L 
T 
= 4x GA42Yx 1. 20 
(2. 20)” 
= 9.79 m/s? 


Example 4. 


A simple pendulum has a time period of 
2.19 s at a place on the surface of the earth. What 
will be its time-period if it were taken to a planet 
where the acceleration due to gravity is a th that 
on the earth ? 
Solution : 

On the surface of the earth : 

Time-period = Tearth = 2.19 s 

Acceleration due to gravity = gear 

Length of the pendulum = L 

Since, 


p Y e bre 
earth TU [zum 
z 2.19 = 274 -L 

Beanh 


On the surface of the planet : 
Time-period = "Tplane =? 


Acceleration due to gravity = Bplance=1 guai 
4! 


Length of the pendulum = L 


z^ Toana = 2n dr 
OF Tptanet = 2n ea aaa (2) 


Dividing (2) by (1), wé have 
IE =74 =2 
2.19 

or Tplanet -2.19x2 =4.385 


SUMMARY 


1. Simple pendulum : 


It is a small and heavy 
from a rigid support. 


2. Length of simple pendulum : 
It is the distance between the point of sus; 
3. Mean position of a simple pendulum : 


It is the rest position of the bob of a simple pendulum. 


4. Oscillation (or vibration) of a simple pendulum : 
The motion of the bob of a simp. 


bob ( or body ) suspended by a long weightless, inextensible and perfectly flexible string 


pension and the centre of mass of its bob, 


le pendulum from its mean position to oi 


Pe, ne extreme position, then to the 
extreme position and back to the mean position is called one complete oscill 4 other 


5. Time-period : 
Tt is the time taken by a simple 
6. Amplitude of a simple pendulum ; 


Tt is. the distance between the mean position and one o; 


of an oscillating simple pendulum, 
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ation (or vibration), 


pendulum to complete one full oscillation (or vibration), 


f the extreme positions on either side of the mean position 


7. The time period of a simple pendulum is given by the relation : 


T=274/E 
TV g 


where T = time-period 
L = length of simple pendulum 
and g = Acceleration due to gravity. 


Hence it is clear from the above relationship that 


© The time-period (T) of a simple pendulum is independent of the mass of its bob. 


(i) The time-period (T) of a simple pendulum is directly proportional to the square root of the length of the 
simple pendulum. é 
TecyL 
orT? «c L 
2 


or—=constant. 


(ii) The time period (T) of a simple pendulum is inversely proportional to the square root of the value of the 


acceleration due to gravity. 
Teca/L 
8 


2ecl 
or T* z 
or T?g =constant. 
8. Restoring force : 
It is that force which is always directed towards the mean position of an oscillating simple pendulum. 


The restoring force arises due to the combined effect of the gravitational attraction of the earth and the pull of the 
string (i.e., the tension in the string). It is responsible for the oscillatory motion of a, simple pendulum. 


9. The gradual decrease in the amplitude of oscillation of a simple pendulum due to dissipating forces such as friction 


is called damping. 
Damped oscillations are periodic oscillations with gradually decreasing amplitude. 


QUESTIONS 


[A] Objective Type Questions : 


Choose the right answers in the following : 

The periodic oscillation of a simple pendulum can be significantly reduced by 
(a) increasing the mass of the pendulum bob 

(b) increasing the volume of the pendulum bob 

(c) decreasing the amplitude of swing of the pendulum 

(d) decreasing the length of the pendulum. 

(e) decreasing the atmospheric pressure acting on the bob. 

The period of a simple pendulum depends on its 


(a) mass, 

(b) length, 
(c) amplitude, 
(d) energy. 


The period of a simple pendulum whose length is: 1 m is 

(a) about 2 seconds, 

(b) about 1 second, 

(c) about 9.8 seconds, 

(d) about 4.9 seconds. 

If the length of the pendulum is doubled, the period of the pendulum 
(a) is halved, 

(b) is doubled, 
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[B] 


oo 


10. 


11. 


[C] 
1 


. The time period of a simple pendulum is 1-6 seconds. How 
. If the length of a simple pendulum is made four 
- A simple pendulum has a bob of mass 0.5 kg and its time 
- The time-period of a simple pendulum on the surface of the earth is 1.8 seconds. If the 
- Two pendulums have time-period in the ratio of 1 : 4. What is the ra 


. Name the force which is responsible for the oscillations of a 
. What is the direction of the force res 


(c) become four times, 

(d) become one-fourth. 

The period of a simple pendulum whose length is 9.8 m is 
(i) 2 m seconds, 

(ii) 4 m seconds, 

(iit)  m/2 seconds, 

(iv) m seconds. 


A simple pendulum is oscillating between extreme positions P and Q about the mean position O. The 
velocity of the pendulum bob will be maximum when it is 


G) atP 
(G) aQ 
(iii) atO, 


(iv) midway between O and P. 
(v) midway between O and Q. 


' The time-period (T) of a simple pendulum of length L is given by 


T = constant x VL 
The constant stands for 
Gi) 4m 


(ii) 
(iti) 

2r 
(iv) 214g 


baka 


N 


Very Short Answer Type Questions 


. What is the period of a simple pendulum whose length is 9.8 m ? 
. The time-period of a simple pendulum is 2.0 seconds. 


How much time does it take to move from one 
extreme to the other extreme ? 


ut much time does it take to move from its 
mean position to one extreme position ? 


limes, its time period also becomes four times. Is it 
true or false ? 


-period is 2.0 seconds, What will be its time- 
period if the mass of its bob is increased to 0.6 kg ? 


same simple 


pendulum is taken to the top of the Mount Everest, its motion will become faster. Is it true or false ? 


tio of their lengths ? 
simple pendulum. 


ponsible for the speeding up or slowing down of the bob of a 
simple pendulum as it oscillates ? 


Does the speed of the bob of a simple pendulum increase or decrease as it goes from its 
(i) extreme position to the mean position ? 
and 
(ii) mean position to the extreme position ? 
The distance between the two extre 


me positions of an oscillating simple endulum is 1, i 
the amplitude of oscillation ? es MSS 9 


Short Answer Type and Essay Type Questions 


- What is a simple pendulum ? 
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. Define : (i) an oscillation, (ii) time period and (iii) amplitude of an oscillating simple pendulum. State 


SI Unit of time-period. 


. Name the factors upon which the time-period of a simple pendulum depends. 

. When is the velocity of the bob of an oscillating pendulum : (i) maximum and (ii) zero ? 
. Why does the amplitude of a simple pendulum gradually decrease with time ? 

. What is damping ? What are damped oscillations ? What is damping due to ? 

. What is a restoring force ? Give two examples. 

. What is the value of the "constant" in the relation 


T = constant x VL 


where T is the time-period of a simple pendulum of length L ? 


$97 


10. 


18. 
197 


. If a: pendulum 1.00 


Why does the pendulum oscillate ? 
OR 
Explain the origin of the restoring force in an oscillating simple pendulum. 
How will you obtain the relation between the length (L) and time period (T) of a simple pendulum ? 


What is the nature of the graph between (a) time-period and its length and (b) length and (time-period)^? 


. What feature about a pendulum makes it useful in clocks ? 

. What is the period of a pendulum ? 

. If a pendulum takes one second to make a complete to and fro swing, how great is its period ? 

. The period of a certain pendulum is 2 s, and the period of another is 1 s. Which pendulum is longer ? 

. Will a pendulum clock that is accurate at sea level gain time or lose time when located high in the 


mountains ? 


. If a pendulum is shortened, does its frequency increase or decrease ? What about its period ? 


. You swing an empty suitcase to and fro at its natural frequency. If the suitcase were filled with books, 


would the natural frequency be lower, greater, or the same as before ? 
How should a pendulum clock which loses time be adjusted ? 
How could a pendulum be used to measure the value of g, the acceleration due to gravity at a place ? 


PROBLEMS 


. Find the length of a pendulum which has a period of 1.00 s for a complete oscillation at a location 


where g = 9.80 ms~. 
[Ans. 0.248 m] 


. A pendulum 25 cm long describes 20 oscillations in 20.0 seconds. What is the period of a pendulum 1 


m long ? N 
[Ans. 2 seconds] 


. What is the period of a pendulum 1.5 m long ? Use g = 9.8 m/s?, 


[Ans. 24.6 seconds] 

00 m long has a period of 2.0065 seconds at a place on the surface of the earth, what 
is the value of acceleration due to gravity in that location ? 

[Ans. 9.81 m/?.] 

The Standard Seconds Pendulum has a period of two seconds for a complete oscillation on the surface of 


4 the earth. What will be its time period if it is taken to the moon ? The acceleration due to gravity on 


the moon is ln of that on the earth. 


[Ans. 49 s] 


123 


- Two pendulums have time periods in the ratio of 1 : 2. What is the ratio of their lengths ? 


[Ans. 1-] 
42 
. Find the length of a simple pendulum which will have the same time period on the moon as that of a 


pendulum of length 1 m on the earth. The value of acceleration due to gravity on moon = 1. 6 ms ? 
and on earth = 9.8 ms ? 


[Ans. 16.3 cm] 
- Find the length of a simple pendulum whose time period is 27 seconds. Use £=98 ms”, 


[Ans. 9.8 m] 


] Q o 
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CHAPTER — 5 
WORK AND ENERGY 


LEARNING OBJECTIVES 


At the completion of this Chapter, you should be able to grasp : 
(i) The concept of work done by a force and how is it measured ? 
(ii) The concept of energy—kinetic energy and potential energy. 


(iii) The relationship between work and energy. 


(iv) The interchange of kinetic and potential energy. 


(v) The law of conservation of energy. 


(vi) The various forms of energy and transformation of energy. 
(vii) The idea of escape velocity—it is obtained from the fact that potential energy gained by the body 


equals its loss of kinetic energy. 


5.1 INTRODUCTION 

In an earlier Chapter on Force and 
Acceleration, we saw that changes in an object's 
motion depend on both force and how long the 
force acts. “How long” meant time. We called the 
quantity “force x time” impulse. But “how long” 
need not always mean time. It can mean distance 
also. When we consider the quantity force x 
distance, we are talking about an entirely different 
quantity--work. d 


Perhaps the concept most central to all of 
Science is energy. The combination of energy and 
matter makes up the universe : matter is a 
substance and energy is the mover of substance. 
The idea of matter is easy to grasp. Matter is stuff 
that we can see, smell and feel. It has mass and 
occupies space. Energy, on the other hand, is 
abstract. We cannot see, smell, or feel most forms 
of energy. Surprisingly, the idea of energy was 
unknown to Isaac Newton, and its existence was 
still being debated in the 1850s. Although energy 
is familiar to us, it is difficult to define, because it 
IS not only a “thing” but both a thing and a 
process. Persons, places and things have energy 
but we usually observe energy only when it is 
happening — only when it is being transformed. 
It comes to us in the form of electromagnetic 
waves from the sun and we feel it as heat ; it is 
captured by plants and binds molecules of matter 
together ; it is in the food we eat and we receive it 
by digestion. 


5.0 WORK AND ITS MEASUREMENT 
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Whenever a force is applied on a body 
and there is a change in shape, volume or 
position of the body, the force is said to 
have done work. Work is measured by 
the product of force and distance through . 
which the point of application of the 
force moves in the direction of the force. 


Thus work is done whenever the application of 
force produces a change. The change may be of 
any sort say a change in the position of an object. 
The change may be in the velocity of an object or 
the change could be in the shape of an object, its 
chemical composition, its temperature or even its 
colour. Every change involves work. 


Dr EA 2 
F | ——>F 
Ies 


Fig. 5.1 


If a force F moves a body through a distance S 
[Fig. 5.1] parallel to the line of action of the force, 
then work done W is given by 


d) 


If the point of application does not move any 
distance (direct or indirect) in the direction of the 
force, no work is done. Therefore, work in the 
scientific sense means an achievement and nota 
mere effort as used in daily language. 


When we twist a wire and change its shape, 
work is done against internal forces of cohesion 
between the molecules of the wire. When we press 
a football bladder, we change its volume and work 
is done against the pressure of the gas in the 
bladder. When we push a cycle, we change its 
position and work is done against the force of 
friction between the wheels and their axles etc. 


When a man is carrying a hand bag to the 
tailway station and is walking on a level road, 
scientifically he is doing no work because the 
force that he is applying against the weight of the 
bag is vertically upwards and his motion is in the 
horizontal direction and there is no motion in the 
direction of the force he is applying. [But here too 


Ss z 
GROUND LEVEL. 


Fig. 5.2 
this man is doing extra work against the increased 
force of friction when carr jing the hand bag.) 

A labourer, who is cariving the bricks to the 
roof of the house is doing n:ore work than the 
mason who is raising them throsgh a very small 
distance and is simply placing them in the 
horizontal rows. 


If someone tries to push a big stonc and he 
fails to do so, he is doing no work even thovgh he 
gets exhausted (Fig. 5.2). The reason is that tere 
is no motion in the direction of the force he is 
applying. Though he does no work on the stone 
yet work may be done on the muscles by stretching 
and contracting, which is force times distance on a 
biological scale, but this work is not done on the 
stone. 

Thus the definition of work involves both a force 
and a displacement. 
WORK DONE BY A FORCE ACTING 


OBLIQUELY ON OBJECTS : 
Let us consider a case where the displacement 


May not occur in the direction of the force. For 
example, when a passenger on a railway platform 
pulls at a chain tied to a heavy Suitcase, he applies 
a force along the direction of the chain, whereas the 
Suitcase moves along the ground [Fig. 5.3 (a) ]. 
To calculate the work done in this case consider a 


force F acting on the suitcase in a direction inclined 
at an angle say 8 with the horizontal smooth 
surface along which the suitcase moves [Fig. 5.3 


(a) ]-. Let S be the displacement of i 

along the surface as it moves from aoe 
position Q. In this case, work done by the force is 
not given by the simple product “force x distance" 
but it is calculated by two equivalent ways 


described as follows : 
() You have learnt that displacement is a vector 
quantity i.e., it has a magnitude as well asa 


direction. Again, force is also a vi 
Hon. Again, ecti 

quantity i.e., it also has a magnitude as well 
as a direction. You have also learnt how to 
represent a vector. In Fig, 5.3 (b), ve FO 
represents the displacement ved) cR 
F.represents the force vector, inclined 

» to 
other at an angle 8. To find the Work ind 
we draw a perpendicular from the arrow- head 
of the displacement vector PO on the force 
vector PL as shown in Fig, 5.3 (b). R is th 
foot of the perpendicular and the distance PH 
gives the distance moved in the directio; 
the force, In fact the distance PR is Sedis 
projection of vector FO B. 
in this case, P Nestor m. Sare, 
Workdone = Magnitude x 
of the force 


vector on the 
force vector 


orW=FxPR 


(ii) The work done can 
considering the proj 
HL on the dis 
Fig. 5.3 (c). 
In ti:is case, 


also be calc 


l ulated 
ection of the force iwi 


placement vector Ras Shown in 


Work done = Magnitude x 


of the 
f Orce vector 
displacement the displacement 
vector 


or W = S Xx PM 
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LA 

^ 
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(DISPLACEMENT) 

(a) ©) (c) 
Fig. 5.3 


Sometimes this way of calculating the work 
done is more convenient. 


The work is evidently F.S when the body 
moves in the same direction in which the force is 
applied as 6 is then zero. Work done is zero if the 
displacement of the body is at right angles to the 
force applied and 0 =90°. 

In this case the projection PM of the force 
vector FLon the displacement vector is zero. 


An artificial satellite going round the earth is 
an example of such motion. The artificial satellite 
is held to the earth by the force of gravity, which 
acts along the line joining the centres of the two. 
The satellite moves along the circumference of the 
circle i.e., at right angles to the direction of the 
force. The earth going round the sun is another 
example of such a motion. Whirling of a stone 
tied to a string is also an example of this type of 
motion. The stone moves in a circular path and at 
every moment it is moving at right angle to the 
direction of force applied which is also the string. 


It must be noted here that for doing 
work, two factors are involved, force and 
displacement and although force and 
displacement are both vector quantities 
but work which is measured by their 
product is a scalar quantity. 


UNITS OF WORK 

The unit of work is the amount of the work 
done when a unit force moves a body through a 
unit distance along its direction of application. 
Evidently, the unit of work depends upon the units 
of force and distance. 


Absolute Units. In the C.G.S. System, the 
absolute unit of work is called erg. It is the 
amount of work done when a force of one dyne 
moves a body through a distance of 1 cm along its 
direction of application. 


In the S.I. system, the unit of work is the 
Joule which is the work done when a force of 
one newton acts through a distance of one metre in 
the direction of its application. The symbol of 
joule is J. 


Since one newton=10° dyne and a metre = 10? 
cm, 1 joule-107 ergs. The erg is so small a 
unit that work is often expressed in joules even 
when C.G.S. System is used. 


Gravitational units. In practice, the work 
is generally measured in gravitational units. In the 
C.G.S. system, the gravitational unit is called 
gram-centimetre (gm cm). /t is the amount 
of work done by a force of 1 gm wt, in moving a 
body through a distance of 1 cm along its direction 
of application. 


In the S.I. system, the gravitational unit is 
called kilogram metre. It is the amount of work 
done when a force of 1 kg wt moves a body 
through a distance of 1 m along its direction of 
application. 


Since gravitational unit of force is g times the 
absolute unit of force, the gravitational unit of 
work must also be g times the absolute unit of 
work. 


981 ergs 
9.8 joules 


B 
e 
B 
"oa 
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From the above discussion, we may write the 
following four equations which are very useful for 
solving numerical problems. 


‘Work (erg) = Force (dyne) x 
Distance (cm) 
Work (gm cm) = Force (gm wt) x 
Distance (cm) 
Work (joule) = Force (N) x 
Distance (m) 
= Force (kg wt) x 
Distance (m) 


[System [Absolute units 


JOULE (or newton- 
metre) 


Work (kg m) 


kg-metre 
1 kg m=1 kg wt 


1J=INX 1m 


ERG 
1 erg = 1 dyne X 1 cm 


C.G.S. 


5.3 POWER 
In Physics, the term power means the rate of 
doing work or work done per unit time. If a certain 
agent is able to complete W joules of work in t 
seconds, its power (P) 


= Work done - W J/s, Thus the term ‘power’ 
time taken t 
adds the idea of time to the work done. 

Units of power. In the C.G.S. system, the 
absolute unit of power is 1 erg/s. But it is too 
small a unit for practical purposes. The practical 
unit of power in the C.G.S. system is called watt. 


Power is said to be 1 watt if work is being done at 
the rate of 1 Jis. 


A bigger unit of power is kilo-watt (kw) 
which is the rate of doing 1000 joules of work in 
one second. Thus, 


1 kilo-watt = 1000 watt 


The power of the electric motors, dynamos, 
fans and other electric appliances is generally 
expressed in watt. 


One megawatt (MW) = 106 watts. 
In S.I. System, the unit of power is the watt. 
Another practical unit of power is called 
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Horse-Power. This unit was introduced by 
James Watt, the inventor of the steam engine. In 
his days, horses were used to operate the machinery 
in coal mines and also to drive other types of 
machines in his country. James Watt wanted to 
replace these horses by his engines. 


1 H.P. = 746 watts 


5.4 ENERGY 


Capacity of a body to do work is called 
energy. It is measured in the same units as work, 
i.e., erg and joule etc. It is also measured in kilo- 
watt hour (KWH). 


1 kilowatt hour = 36 x 105 joules 


It is of two kinds. When the energy is due to 
the motion of a body, it is called Kinetic 
Energy. When energy of a body is due to the 
relative position of its Parts or the body as a 
whole, although the body is at rest, it is known as 
potential energy. 


Kinetic energy and potential energy taken 
together are called mechanical energy. 


Fig, 5.4 
Energy obtained by a water-wheel is derived 
from water which is falling from a height, Moving 


‘air drives rcund the sails of a wind-mill. The 
moving hammer drives in a nail. These are all 
examples of energy. 


Water at the top of a water fall has potential 
energy. As it falls, it gradually loses this potential 
energy, but acquires kinetic energy at the same rate. 
At the bottom of the fall, the potential energy has 
completely changed into kinetic energy. A watch 
spring when wound up has potential energy and 
this changes to kinetic energy of the balance wheel 
which otherwise comes to rest. 


A bent bow Fig. 5.4 has potential energy due 
to the change of position óf the particles of the 
bow and the forces between them. As it unbends, it 
loses this potential energy and the arrow gains 
kinetic energy. 


In a toy pistol when the compressed spring is 
released by the trigger, the P.E. of the compressed 
string is used to throw out the cork. Similarly the 
P.E. of the stretched rubber band in a catapult is 
used to throw a stone. 


5.5 INTERCHANGE OF KINETIC 
AND POTENTIAL ENERGY 


Interchanges of kinetic and potential energy are 
common in nature and industry and a few examples 
may briefly be stated here : 


@ Change from Kinetic to Potential 
Energy 
(i) When the motion of a train is checked bya 
spring buffer, kinetic energy is changed into 
potential energy. 


(i) When the bob of a vibrating pendulum 
moves from the mean position to its extreme 
position, the K.E. is changed into P.E. 

(6) Change from Potential to Kinetic 
Energy 
(i) Water in a dam has potential energy. When 
allowed to escape to a lower level, it loses 
Part of its potential energy ; either gains 
Kinetic energy itself or, if it acts on a water- 
wheel or turbine, imparts kinetic energy to 
the latter. 


(ii) When the bob of a vibrating pendulum- 


moves from the extreme position to the mean 
position, the P.E. is changed into K.E. 


() Periodic Interchanges. In the case of a 
vibrating body such as a pendulum, a tuning 
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fork or a violin string, energy continually 
changes from the kinetic to the potential 
` form and vice versa. X: 


@ Complex Changes. There are some 
changes of energy which are very complex 
but they do illustrate that energy can neither 
be created nor destroyed and man can only 
transform it from one kind into another. For 
example, a labourer carrying bricks up a 
ladder is not creating potential energy, but is 
only converting some of his internal store of 
energy into another form. After a certain 
interval, rest and food will be necessary in 
order that his internal store of energy may be 
replenished. No matter what may be the form 
of food, it is derived ultimately from 
vegetation, and vegetation depends for its 
growth upon the light and heat of the sun. 
Hence the store of energy in the sun is 
responsible primarily for all the energy or life 
on the earth. 


5.6 MEASUREMENT OF POTENTIAL 
ENERGY 


The simplest case of a body having P.E. is 
that of a body raised through a height h above the 
ground level (Fig. 5.5). Other cases having such _ 
type of energy are too complex io be discussed 
here. If m be the mass of a body raised through a 
vertical distance h, an amount of work mgh is 
required to be done on the body against the force of 
gravity. This work is stored up in the body as 
potential energy. Hence the expression mgh 
is the measure of potential energy (W) of 
the body of mass m when raised through 
a height h above the surface of the earth. 
It must be noted here that potential energy is à 
relative term which varies with the position of the 
level of reference. In. the above mentioned case the . 
level of reference is that of the surface of the earth. 
The absolute level taken generally in such cases is 
the average sea-level. 


5.7 MEASUREMENT OF 
ENERGY 


The kinetic energy (T) of a moving body is 
measured by the expression, 


KINETIC 


KE. (T) -Im v2 


m = mass of the body, 
V = velocity of the body. 


where, 


This expression is deduced as follows : 


Fig. 5.5 


Kinetic energy is due to motion. To set an 
object in motion work must be done on it. For a 
moving object to stop, it must exert a force on 
something else (which also pushes back) and it 
does work on this other object. To find how the 
kinetic energy of an object depends on the various 
physical factors, the amount of work done on an 
object to stop it must be found. 


Suppose a body of mass m is moving with a 
velocity v and is at A at a certain instant 


Fig. 5.6 1 

A force F is applied on it from the Opposite 

direction. Suppose the body comes to rest when it 
reaches B, such that the distance AB = S. 


The work done by the force on the body is 
given by 
Work = Force x Distance 
zES. 


energy (T) of the body is also F.S. 


Thus, K.E. = F.S. 
Now for this journey the body has 
initial velocity =u= v 
final velocity =0 
distance moved =S= S 
(negative) acceleration = a = — E 
Applying the formula 
v2—w-2aS . 
We have 
0- v? =2aS 


=KE. 


Thus the kinetic energy of a moving body is 


equal to half the product of its mass and the square 
of its velocity, 


It is also clear from the above di i 
work done = W - E.S. EEA. 


Since F= ma 
and distance covered (S) 2 3 (v3 
2a 


Wzma.l (y2. u2) 
2a 
= my? — L mu? 
= Final KE. — Initial K.E. 
= Change in K.E. 


Thus, when work is done on a body b 
hus, whe th 
force, its kinetic energy changes. Pd 


5.8 LAW OF CONSERVATI 
ENERGY ALT 


. It was noted earlier that in the c. 
vibrating body, like a pendulum, the chen oes 
changing from kinetic to potential and back to 

inetic again. Such phenomena lead us to the 
Conclusion that energy like matter is indestructible. 

given quantity of kinetic energy may be 
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converted into an equivalent quantity of another 
form of energy. A given quantity of kinetic energy 
can be converted into an equivalent quantity of heat 
or mechanical work or chemical action. 


The Law of Conservation of Energy based 
upon the above-mentioned changes can be stated as 
follows : 


(à Energy can neither be created nor 
destroyed. 

(b The total amount of energy in the 
universe is constant. 

(c) When a certain amount of energy in 
one form is expanded, its exact 
equivalent amount reappears in one 
or more of the other forms. 


In all the interchanges in the form of energy, 
sooner or later, it assumes the form of heat, which 
in due course becomes distributed throughout 
space. It probably becomes unavailable, but is still 
there, though scattered. 


The principle of conservation of energy is 
best illustrated by (/) a body falling freely under 
gravity and (ii) a vibrating pendulum. 


(i Body Falling freely under Gravity : 


o 


Fig. 5.7 
Let a body of mass m be raised from the 
ground level O to A at a height A [Fig. 5.7]. The 
work done on the body to raise it against the force 
of gravity is mgh. This work is stored in the 
body. Let the body at A be at rest. AtA, 


K.E. = 0) 
P.E: = mgh 
K.E. + P.E. = mgh m 


Let the body now fall through a distance x and 
come to B. 


To obtain the velocity at B, we have the- data 


M 
yz? 
a-g 
s=x 
v2-u? =2as 
st v-0 =2gx 
: or v -2gx 
Hence, at B, 
KE.- 1 my? 
2 
= Lm. 2gx = mgx 
PE. = mg (h — x) 
K.E. + P.E. 2 mgx + mg (h — x) 
-mgh 


On reaching QO, the velocity v of the body is 
given by 


v? 22gh Co) 
Hence, at O, 
KE.-l m. V? 
2 
= Pn. 2gh =mgh 
PIE? ext 
K.E. + P.E. =mgh n) 


The equations (1), (2) and (3) show that the 
total energy of a body falling freely under gravity 
remains constant and is always equal to mgh which 
is dependent of x or the position of the body 
during its fall. 


On striking the ground, the body finally 
comes to rest. The K.E. possessed by the body is 
thus lost, being converted into other forms e.g., 
heat and sound. 


(ii) Vibrating Pendulum. The bob of a 
pendulum is raised up through a distance as it 
moves to the right extreme position C. Its P.E. 
has thus been increased. Here the bob is at rest for 
a moment. Therefore, it has no K.E. As it comes 
to the mean position A, its P.E. [Fig. 5.8] has 
changed into K.E. The sum total of energy would, 
however, be constant. The energy change takes 
place in the reversed direction as the bob moves to 
the left extreme position B. K.E. is again changed 
into P.E. In-between the extreme position and the 
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mean position, the energy is partially potential and 
partially kinetic in such a way that the sum is 
constant. 


5.9 DISSIPATION OF ENERGY 


In the case of a vibrating pendulum energy 
changes from kinetic to potential and back again 
periodically. But ultimately the bob comes to rest 
owing to the resistance by air etc. The question 
arises what happens to the energy possessed by the 
bob. It has disappeared as heat and is said to have 
been wasted as the heat energy so produced cannot 
be used again for any useful Purpose. Similarly 
when a moving bullet strikes against a target, the 
energy of the bullet is converted into heat energy 
and sound energy which cannot be utilized for any 
useful purpose. Thus energy of all form is 
ultimately converted into heat although it may pass 
through several states. The energy which 
disappears as heat and cannot be used again for any 
useful purpose is said to have been dix sipated. 


O e POINT OF 
SUSPENSION 
\ 


Fig. 5.8 


In converting energy from one form into 
another, some of the energy disappears generally so 
that total energy in the new form is less than the 
original energy. This missing energy is converted 
into forms other than that desired, and the total 
energy in the various final forms is exactly equal 
tothe original energy and the principle of 
conservation of energy is never violated. 
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5.10 FORMS OF ENERGY AND 
TRANSFORMATION OF 
ENERGY 


[A] Forms 


In addition to the two forms of energy, kinetic 
and potential, there are several other forms of 
energy which are enumerated below ; 


@ Heat. Energy supplied by the steam or oil 
engines is obtained from heat. 

(b) Light. In photography light energy supplies 
the necessary chemical energy for the process, 

(© Sound is definitely a form of energy as glass 
panes of doors and windows of buildings in 
the vicinity of a big explosion are known to 
be shattered to pieces on account of the effect 
of the sound. 

.(d) Magnetic. A piece of iron when attracted 


by a magnet moves towards it and motion is 
the result of magnetic energy, 


(e) Electricity : 
Static „electricity, Motion of electrified 
bodies is the result of attraction or repulsion 
due to electric charges residing on the bodies. 


Current electricity, Working of electric 
trains, trams, heater, lighting bulbs and 


motors is due to the energy supplied by 
electric current, 


V) Chemical. Heat and mechanical energy 
produced by explosives are Supplied by 


chemical energy possessed by the chemicals 
used in them. 


(9) Molecular energy 

(h) Nuclear energy 

() Radiant energy 
|B] Transformation 


| (a) Transformation Of kinetic energy into 
potential energy has already been discussed in 


(b) Kinetic to Heat. Heat is produced when a 


moving Wheel of an engine is Stopped by 
applying brakes, 


(c) Gravitational to Electrical, Electrical 
energy is produced by water turbines, 

@ Heat to Light. A red hot ball emits light. 

(e) Light to Chemical. The chemical action 


on the photographic plate is due to light 
energy. 

ff Heat to Electricity. Electric current is 
produced by heating one of the junctions of 
two dissimilar metals. 

(g) Heat to Kinetic. A steam engine changes 
heat energy to kinetic energy. 

(h) Chemical. to Heat. When coal burns, heat 
is produced. 

() Chemical to Electrical. In a voltaic 
cell, electric current is produced by a chemical 
action. 

(j) Electric to Chemical. In electrolysis, the 
electrolyte is decomposed into its constituent 
parts. 

(k) Electrical to Heat and Light. In an 
electric heater and electric bulb, electric 
current produces heat and light respectively. 

(D Electrical to Mechanical. In electric 
trams and fans, the electrical energy is 
changed into mechanical energy. 

(m) Mechanical to Electrical. In a dynamo, 
electric current is produced by rotating the 
armature in a magnetic field, 


(n) Electrical to Sound. In electric bells, 
sound is produced by an electric current. A 
loudspeaker converts electricity in sound. 
Sound is heard when lightning falls from a 
cloud on the ground or on another cloud, 


5.11 ESCAPE VELOCITY* 

The faster a ball is thrown upwards, the higher 
does it rise before it is stopped and pulled back by 
gravity. To escape from the earth into the outer 
space we will show shortly that an object must 
have a speed of 11.2 km/s called the escape 
velocity. Thus escape velocity may be defined as 
the velocity with which an object must be 
Projected in order that it may escape the earth's 
gravitational pull. 


Launch a projectile at any speed greater than 
11.2 kms-! and it will leave the earth, travelling 
Slower and slower, but nevér stopping due to 
earth's gravity. Recall Newton's law of gravitation 
in Chapter 2-3 : the ever present force of carth 
gravity weakens and is less effective with 
increasing distance. We can understand the 


For knowledge only. 
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magnitude of this escape velocity. from an energy 
point of view. The escape velocity is obtained 
from the fact that the potential energy gained by 
the body equals its loss of kinetic energy. 


We learnt in Chapter 2-3 that the force of 
gravity between the earth and an object of mass m 
is given by 


F= GMm (Newton's law of gravitation) 
R 


where F = Force of gravity between the earih 
and the object 
G = Gravitational constant 
M = Mass of the earth 
m = Mass of the object 
R = Radius of the earth. 


The object has to have sufficient energy to do 
work against the earth’s gravity. 


The work to be done = Fx R 
= GM m x R = GMm 
R? R 
The kinetic energy of the object = a m9? 
where 3 is the escape velocity of the object. 


For the object to overcome the earth’s pull, 


1m 9? >GMm 
2 R 

or 9? >2GM. 
R 

or 0 > 4/ 2GM. 
R 

or 9 > Y2Rg 


because acceleration due to gravity g — GML 
R 


(See Chapter 2-3) 
The least value for the escape velocity 8 


V = V2R¢g = 4 28M. 
R 


g -9.8 m/s? 

R = 6,38 x 10° m, we have 

9 = 12x 638 x105x 9.8 met 
=[11.2 kms-! 


Any object with velocity greater than 11.2 kms-! 
will escape into space. 


Since 
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Notice that this escape velocity from the earth 
is the same for any object no matter what its mass 
is. It depends only on the mass and radius of the 
earth. 


The escape speeds or, if direction is involved, 
the escape velocities of various bodies in the solar 
system are shown in Table 2-5.1. 


Table 2-5.1 , 
Escape speeds at the surface of bodies in 
the solar system 


It turns out that the escape speed of 11.2 kms"! 
of the earth corresponds to a kinetic energy of 60 
million joules for each kilogram, whatever the 
total mass involved. If we give a payload any 
more energy than 60 MJ per kilogram at the 
surface of the earth or, equivalently, any more 
speed than 11.2 kms-!, “then, neglecting air 
resistance, the payload will escape from the earth 
never to return. As it continues outward, its P.E. 
increases and its K.E. decreases. Its speed becomes 
less and less, though it is never reduced to zero. 
The payload outruns the gravity of the earth. It 
escapes. 


The first probe to escape the solar system, 
Pioneer 10, was launched from earth in 1972 with 
a speed of only 15 kms. Pioneer 10 passed the 
Orbit of Pluto in 1984. Unless it collides with 
another body, it will wander indefinitely through 
interstellar space. 


SOLVED EXAMPLES 


Example 1. 
Calculate the work done in lifting a weight of 


4 kg through a vertical height of 10 m. 
(Take g=9.8 ms) 


Solution : £ 
The force (F) required to lift a mass (m) is 
equal to its own weight mg. Thus F = mg 


Work done = Force x distance moved by force 


-mg Xh 
=4x9.8 x 10 newton metre 
=|392 joules 

Example 2. 

A man weighing 110 kg lifts a weight of 90 
kg to the top of a building 30 m high in one 
minute. Find the work done and power. 

(e 29.8 ms?). 
Solution 

Here, 

Total mass (m) = 110490 = 200 kg 

<, Force acting vertically downwards 

=F=mg=200x9.8N 

Distance = 30 m 

time = t= 1 minute = 60 s 

Now, work done = force x distance 

= 200 x 9.8 x 30 = 58800 J 

And Power (P) = Work done 


Time 
= et = 980 watt = | 0.98 kilowatt? 


Example 3. 


` What is the work done by a man in carrying a 
suitcase weighing 20 kg, over his head when he 
travels a distance of 10 m in the 


(i) Vertical direction 
(ii) Horizontal direction ? 


(g=9. 8 m/s?) 
Solution 
Here mass (m) =20 kg . 
©. Force (F) -mgz20x9.8N 
Distance ($) =10m 


(i) Work done in vertical direction = F x § 
= 20x 9.8 x 10 = 1960 J 


(ii) Work done in horizontal direction = 
Magnitude of the x Projection of the 


displacement force vector on the 
vector displacement vector 
=10x0 

=0 


since in this case, the projection of the force vector 
on the displacement vector is zero. 
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Example 4. 
An elevator lifts a 2 kg mass through 20 m. 
How much potential energy is given to the mass ? 
(g= 9.8 m/s?) 
Solution 
Here, mass(m) =2kg 
height (h) =20m 
Since Potential Energy (P.E.) =mgh 
JA ev x 9.8 x20 = 392J 


Example 5. 
Find the kinetic energy of body of mass 
10 kg moving with velocity of 80 m/s. 


Solution 
Here, mass (m) =10kg 
velocity (V) 280 ms! 


K.E.ofthebody = imv? 
- 7x10 x (80)* = 32000 J 


Example 6. 

What power in KW and H.P. is required to 
lift 90 tonnes of coal per hour from a mine 200 m 
deep ? (g 2 9.8 m/s?) 


Solution 
Here, mass (m) 


= 90 tonnes =.90000 kg 


Height (A) = 200m 
Time (2) =1h=3600s 
Now, Force (F) =mg 
= 90000 x 9.8N 
-. Work done (W) inl h =Fxh 
-mgh 
= 90000 x 9.8 x 200 joules 
^. Power (P) = Work done ~- W 
Time t 
— 90000x9.8x200 vn 
3600 
= 49000 W = 49 kW 
Since 1 H.P. =T46W ~. Power 
z. Power = 49000 . 65.7 HP. 
746 
Example 7. 


A man moves a trolley of machinery over a 
horizontal surface at a constant velocity by pulling 
along the handle with a constant force. If the handle 


Fig. 5.9 
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A $-120m B 
(Scale 1 cm = displacement of 3 m) 
Fig. 5.10 


T is incli * wi horizontal 
of the trolley is inclined at 60* with the S 
how much work does the man do on the loaded 
trolley if he exerts a 150 N force and the trolley 
moves 12.0 m ? 


Solution : 
Given ? 
F=159N 

To represent the displacement vector, let us 
choose a convenient scale. Let 1 cm represent a 
displacement of 3 m. Hence a displacement of 12.0 
m is represented by a straight line of length 4 cm. 
Draw a straight line AB of length 4 cm [Fig. 5.10] 
and put an arrowhead at B to indicate the direction 
of the displacement. Now draw a straight line AC 


subtending an angle of 60° with AB: AC 
ei ent d force F = 150 N. From B draw a 
perpendicular BD on AC. AD is the Projection of 
AB on AC. Measure AD. It is 2 cm [See Fig. 
5.10]. On our scale, a length of 2 cm represents a 
displacement of 2 x 3 m = 6 m. Hence AD = 6 m. 
Now, we know that 


Work done = Magnitude of x Projection of the 
the force displacement 
vector on the 


force vector 
orW -FxAD 


=150Nx6m 


= 900 Nm = |900 J 
ALTERNATIVE METHOD : 


The work done can also be calculated by 
drawing the projection of the force vector on the 
displacement vector. Let us choose a scale 

lem -30N 


So that a straight line of length 5 cm will represent 
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Fig. 5.11 


a force of 150 N [See Fig. 5.11]. 


AD is the projection of the force vector on the 


displacement vector AB. Measure AD. It is 2.5 cm. 
On our scale, a length of 2.5 cm Tepresents a force 
of 2.5x30N=75N 
Hence AD = 75 N 
Work done = Magnitude of x Projection of the 
the displace- ^ force vector on 
ment vector the displacement 
vector 
or W 


Example 8. 
A 180 g bullet moving at 775 ms -1 
Strikes a target and penetrates horizontally a 
distance of 12.2 cm before Stopping. Find the 
average retarding force exerted on the bullet by the 
target. 
Solution 
Mass of the bullet = m = 18.0 g = 0.0180 kg 
Velocity of the bullet = 8 =775 m/s 
Distance covered = § = 12.2 cm = 0.122 m 
Retarding force = F = 9 


ork done by the target in 
5 equal to the change in kinetic 
- Also, since the final speed of 
nal kinetic energy is zero. 

Now. 


, 


Work done = W = F.S = change in K.E. 
= l moo 
2 


1 x 0.0180 x (775)? y 
2 (0.122) 


- [54300 n] 


Example 9. 

Determine (i) the initial kinetic energy, 
(ii) the final kinetic energy, (iii) the change in 
kinetic energy, and (iv) the average braking force if 
a 1250 kg car brakes uniformly from 108 km/h to 
36.0 km/h in a distance of 125 m. 


Solution 
Given, 
Thitiallvelocity su 108 kmn See OQ 
(60 x 60) 
= 30.0 ms 
Final velocity == 36.0 km/h = 10.0 mst 
Distance =S=125m 
Mass of the car 2 m = 1250 kg 
Force =F=? 


(i) Initial kinetic energy-= Ei = Ime 


E L (1250 kg) (30.0 ms)? 


§63000 J 


(ii) Final kinetic energy = E2 = i mo? 


= 5 (1250 kg) (10.0 ms)? 


2162500 J| 
(iii) Change in kinetic energy = Ep — Ey 
= (62500 — 563000) J 
=|-501000 J 
(iv) Work done (W) =F,S.=Changein K.E. 


lida eee ae K.E. 


2501000 J 
125 m 


-[-4000 N] 


That is, 4000 N in the opposite direction 
to the motion. 
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Example 10. 
A small 2 kg object falls from a height of 10 
m into a box of sand. It comes to rest at a distance 
of 3 cm beneath the surface of the sand. How large 
was an average force exerted upon it by the sand ? 
[Take g = 9.8 ms] 
Solution 
Given, 
m=2kg;h=10m; g=9.8 ms? , 
S=3 cm = 0.030m; F=? 
The potential energy is all changed to K.E. 
This in turn is all turned into friction work as the 
ball penetrates the sand. Therefore, 


P.E. = friction work 
or mgh EESS: 
Or 2x9.8x10 =F x 0.030 
és 
Example 11. 


A man drops a 10 kg rock from the top of a 5 
m ladder. What is its K.E. when it reaches the 
ground ? What is its speed just before it hits the 
ground ? (g29.8 m/s?) 
Solution 

Given, 
Mass of the rock =m = 10 kg 
Height of the ladder - h = 5 m 


K.E. zu 
Speed of the rock when it hits the 
ground= =? 


According to law of conservation of energy, 
K.E. of the rock = P.E. of the rock. 
= mgh = 10 x 9.8 x 5J 


= [490 J 
Since, K.E. of the rock = mà? 
~ lmó?- 490 
2 


g2- 4900 4900 


in 10 
-98 


^0. -Y98 m/s 
=7V2 ms! 


- [9.59 3] 


SUMMARY 


Work is done on an object only if a force acts on the object and the point of application of the force moyes along 


the direction of the force. In other words work is done whenever the application of force produces a change. The 
change may be in the position of the object, in its velocity, in its shape, in its chemical composition, in its 

i | 
temperature or even its colour. 


No work is done if any of the above conditions is not satisfied. | 
Work is a scalar. quantity. 


- Work done = Force x distance moved along the direction of the force. 


= Force x displacement in the direction of the force. 


Tf the force and displacement are inclined to each other, 


Work done = Magnitude of X Projection of 
force displacement vector on force vector 


= Magnitude of X Projection of 


displacement force vector on displacement vector. { 
No work is done if force and the displacement are at right angles to cach other. 
+ The SI unit of work is newton - metre (Nm) or joule (J). Í 
One joule of work is said to be done when a force. of one newton acting on a body moves if through a distance of 
one metre in the direction of the force. 
- An object having capability to do work is said to possess energy. Itis measured in the same units as work, 
- The energy possessed by an object by virtue of its motion is called kinetic energy. z 
KE x mv? 
Work done (W) = F.S. = Change in KE. 
2 
ENTE us) —1L im? 
‘The energy possessed by an object due to its position or change of shape is called Potential energy. 
P.E. = mgh. 
Both K.E. and P.E. taken together are called mechanical energy. 
- The work done per unit time or the rate of doing work is defined as power (P). 
p= Work done .W MES qus were = kee v) 
Timetaken t — t. t 
Power is expressed in joule/second or watt (W). 
The capacity of machines to do work is expressed in terms of watt or kilowatt (kW) or megawatt (MW). | 


- According to law of conservation of energy, 


- The energy which appears as heat and cannot be used a, 


10. 


Change of energy from one form to another is called transformation of energy. 


“energy can neither be created nor destroyed but can be 
transformed from one form to another,” 


Total energy of the system remains conserved in all natural processes. 


gain for ány useful purpose is said to have ù 


cen dissipated. 
y with which a body must be Projected in order that it may 


escape the earth’s 


The escape velocity is the velocit 
gravitational pull. 


Í 
For earth the escape velocity is 11.2 kms), 


| 
1=V2Rp = [28 


where 9 = velocity of escape 
R = Radius of earth (or any planet) M = Mass of earth Cor any planet) 
g = Acceleration due to gravity G 


7 Gravitational constant, 
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QUESTIONS 


A. Objective Type Questions 


1. The speed of an object is doubled. As a result its kinetic energy is 
(a) doubled (b) quadrupled (c) halved (d) quartered 
2. Ashish weights 40 kg. He exerts a horizontal force of 20 N in pushing an object a horizontal distance 
of 3 m at constant speed. The work done by Ashish, in joules, is 
(a) 800 (b) 60 (c) 120 (d) zero 
3. A 40 newton object is released from a height of 10 m: Just before it hits the ground, its kinetic energy, 
in joules, is 
(a) 400 (b) 3920 (c) 12800 (d) zero 
4. In question (3), the kinetic energy of the object at a height of 8 m, in joules, is 
(a) 320 (b) 80 (c) 392 (d) 790 
5. As an object falls towards the ground, its ential energy 
(a) increases (b) decreases (c) remains the same 
6. A box which weighs 10 N is dragged across a level floor by a horizontal force of 3 N for a distance of 
5 m. The work done, in joules, is 
(a) 15 (b 30 (c) 50 (d) 500 
7. As the time required to raise a given weight 6 m decreases, the power needed 


(a) increases (b) decreases (c) remains the same 

8. If air resistance is negligible, as an object falls towards the ground, the sum of its potential and kinetic 
energies 
(a) increases (b) decreases (c). remainsthe same 


9. Ram carries his brother Arun on his shoulders along the level ground. If Arun weighs 30 kg and he is 
carried for a distance of 10 m, the work done on him by Ram, in joules, is .... 

10. A 5 kg mass is raised 8 m above the ground. Its change in potential energy with respect to the ground, 
in joules, is 


(a) 40 (b) 80 (c) 200 (d 390 

11. The speed of an object having a mass of 5 kg and a kinetic energy of 360 J, in ms"), is 
(a) 12 (b 38 (©) uo mad) 144 

12. A 30 N object rests on a table 1.2 m high. The work done by the table in supporting the object, in 
joules, is 


(à) zero (b) 36 (c) 36 (@ 350 
13. A man exerts a force of 500 N on a car that does not move. If the car weighs 1500 kg, the amount of 
work done by the man is ..........-. 
14. Almost the whole of our available energy comes from ...... 


15. The unit in which energy is measured is the 


(a) Watt (b) Joule per coulomb (c) Coulomb (d) Joule (e)  volt-second 
16. Power is a measure of the 
(a) rate of change of energy (b) rate of change of momentum (c) Force which produces 
- motion 
(d) Change of energy (e) Total work done 
I VABRE e 
1891 Wie ee JS es ergs/second 


19. Two objects of masses 1.0 x 10? kg and 4.0 x 103 kg have equal momentum. What is the ratio of 
their kinetic energies ? 
Gh) t ial (x. un (iii) 16: (iv) 2: 

20. An iron sphere of mass 30 kg has the same diameter as an aluminium sphere whose mass is 10.5 kg. 
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The spheres are dropped simultaneously from a cliff. When they are 10 m from a ground, they have the 
same 


(a) momentum (b) acceleration (c) potential energy (d) kinetic energy 


21. In SI system the unit of potential energy is 


G) 
B. 


Ei iia i pet pe pedi [pk 
S939 "saunuxoeousuaux 


N 
> 


22. 


watt (ii) joule (iii) newton (v) newton/metre?, 
Very Short Answer Type Questions 

Define : Work. (A.LS.S. 1986) 

What is the unit of work ? E (A.LS.S. 1986) 

Define : Power. 3 

Give the unit of power. 

Define : Energy. 

Give the unit of energy. 

Define joule. 

Define watt. 

Define kinetic energy. 

Give the unit of K.E. 

Define potential energy. 

Give the unit of P.E. x 

List three formulas that can be used to calculate power, 

Write an expression for the potential energy of an object which it gains as a result of 


Does a man Standing at rest on a moving box car possess kinetic energy ? 
Is kinetic energy a vector or a scalar quantity ? 

A ball of mass m is held at a height hy above the table. The table 
floor. One person Says that the ball has a potential energy mghi, 
potential energy is mg (^1-h5 ). Who is correct ? 


top-is a height ^2 above the 
While another Person says that its 


Define erg. 
Define horse power. 
Is potential energy a vector or a scalar quantity ? 


Is work a vector or a scalar quantity ? (A.LS.S. 1986) 


Does a block of wood released at the bottom of a lake Possess potentia] energy ? Expla 
As a rocket re-enters the atmosphere, its pose cone becomes v h By : p Hub 
come from ? ery hot. Where did this heat energy 


ing. If the Pendulum is set Swinging, it Stops each time 
P.E. in this System. Does the 


() When a bullet embeds itself in a bag of sand ? 
(ii) Wien a boy claps his hands together ? 
an 
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Cis 
6. 


7. 


17. 


19. 


20. 


21. 


(iit) When a hammer hits a nail ? 
Is anything doing work to keep the earth rotating about the sun ? Explain. 


Various hydroelectric plants use water-driven turbines to generate electrical energy. Trace this energy 
back as far as you can toward its source. 


(a) Explain the terms : Work, Power and Energy and give the units for measuring these quantities. 
(b) How are joule, erg and watt related to each other ? Is work a vector quantity ? 


What do you mean by physicists’ definition of work ? How is it measured ? Show that a person 
walking along a horizontal road with some load on his head is not doing any work. 


Distinguish between K.E. and P.E. Give three examples of each. How are K.E. and P.E, measured ? 


Derive an expression for the kinetic energy of a body of mass m moving with a velocity v. By how 
much will the K.E. of a body increase if its speed is doubled ? 


Derive an expression for the potential energy of a body of mass mi when it is raised to a height A 
from the ground level. [A. I. S. S. 1983] 


(a) State principle of conservation of energy. 

(b) Show that the sum of kinetic energy and potential energy of a falling body is constant at all 
points. : 

(a) What is transformation of energy ? Explain with the help of four examples. 

(b) A ball rolling on the ground comes to rest. Where does its energy go ? 


Mention the various sources of energy. Justify the statement that sun is the ultimate source of all 
energies. 


What is negative work ? Give examples of positive and negative work. 

Will there be any work done on a body : ng wid: uniform speed in a circle ? 

If energy is neither created nor destioyed, where does so much energy spent against friction in this 
life go ? 

Give one example in each case, for the following transformation of energies : 


(i) Chemical energy to electrical energy. 
(ii) Electrical energy to mechanical energy. 
(iti) Kinetic energy to gravitational potential energy. 
(iv) Potential strain energy to gravitational potential energy. 
(v) Electrical energy to light energy. 
(vi) Electrical eriergy to sound energy. 
(vii) Mechanical energy to heat energy. 
Following is a list of some of the different forms of energy. Give an example in each case : 
(i) Gravitational P.E. (ii) Kinetic energy (iii) Strain P.E. (iv) Heat energy (v) Chemical energy (vi) 
Electrical energy (vii) Molecular energy (viii) Radiation energy (ix) Nuclear energy (x) Mechanical 
energy. 
Following are some examples of different forms of energy. Mention the form of energy in each case : 


(i) A boulder on top of a cliff. 
(Gi) A bullet travelling through the air. 
(ii) A stretched spring. 
(iv) The fast moving molecules of a hot gas. 
(v) Cold hydrochloric acid and sodium hydroxide solutions reacting to give a warm salt solution. 


(vi) Electricity through a lamp providing heat and light. 
(vii) Steam condensing to injure your hand. 
(viii) Light coming from the sun. 
(ix) Energy stored in the nucleus of an atom i.e., the atomic bomb. 
A labourer carrying bricks on his head on a level road from one place to another is doing no work ? 
Why ? 
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23. 


24. 
25. 


26. 


27. 


28. 


29. 


An iron ball and a wooden ball have the same momentum (i.e., mass X velocity). Which has the 
greater K.E. ? 
Here are some examples of force being used : 
(a) a tightened vice holding a glued joint together. 
(b) a motor engine dragging a load along a rough surface. 
(c) a wooden support shoring up a wall. 
(d) a donkey towing a cart along a road. 
Put the above list into two categories ; one where the forces involved are stationary, and the other 
where the forces involved are moving. 
To lift a load a person must. draw on his supply of food (i.e., chemical) energy. In such a case what 
happens to the energy, does it get used up ? ‘i 
Remembering that something which has energy can do a useful job, what test could be applied to 
see if there is energy stored in a raised load 2 
Describe the principle of energy transjers involved in the following examples : 
(i) A waterfall is used to tum a paddle wheel. The paddle wheel works à dynamo which in turn 
lights a lamp. 
(ii) A battery drives on electric motor which works a pump to raise water from a well. 
(iii) A piece of sodium metal is dropped into cold water. It reacts violently to produce a warm 
solution of sodium hydroxide. 
(iv) A stretched spring contracts, raising a load from the ground. 
Give an example in each of the following energy transfers : 
(a) Potential strain energy to gravitational P.E. 
(b) Chemical energy of the reagents to chemical energy of the reactants plus heat, light and sound 
energy. 
(c) Chemical energy to electrical energy to mechanical energy to gravitational P.E. 
A pendulum is set up so that the thread will swing against a pin [Fig. 5.12]. 
(a) If the pendulum bob is released from position A, what will be the energy changes as the bob 
moves to a new point of rest ? 


(b) If Mad is lost as heat through friction, where will the new point of rest be : at B, C, D 
or E? , €; 


Fig. 5.12 


A faling body weighing m k i j ipe A 
down kine pa d g has a velocity v m/s when it is ‘h’ metres above the ground. Write 


(a) its P.E. 
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30. 
31. 


327 


ga 


13. 


(b) its K.E. n 

State the units corresponding to these expressions. 

Briefly explain if any work is done during the orbital motion of a satellite. [A.I.S.S. 1986] 
Why do the brakes of a car heat up when it is braked ? 


Define escape velocity. What should be the velocity of a rocket so that it can escape the earth's 
pull ? 


Can you say if the following objects have energy ? If they do, identify whether the energy is 
kinetic, potential or a combination of the two : ` 


() A ceiling fan which has been switched off. 
(ii) A man climbing a hill. 
(üi) A flying bird. 
(iv) Water in the reservoir of a dam. 
(v) A spring expanded beyond its normal shape. 
(vi) A rubber band lying on a table. 
(vii) A stretched rubber band lying on a ground. 


PROBLEMS 


Two bodies of equal mass are kept at heights ‘h’ and ‘3h’ respectively. What will be the ratio of 
their potential energy ? [Ans. 3 : 1] 
Two bodies of equal mass move with velocities V and 2V respectively. Find the ratio of their kinetic 
energy. , [Ans. 4 : 1] 
Calculate the work done by a force of 50 N acting through a vertical height of 20 metre. 

[Ans. 10? J ] 
The height of the Qutab Minar is 72 m. What work a man of 50 kg weight does when he climbs up 


the top ? [Ans. 3.58 x 104 J ] 
A bullet of mass 5 g is fired with a constant velocity of 100 m/s. What is its kinetic energy ? 
" [Ans. 25 J ] 


A body of mass 5 kg is placed on a table which is 5 metres high. Calculate the potential energy of 
a body. p i. [Ans. 245 J] 
Calculate the work done by a man in carrying.a mass of 15 kg on his head when he covers a 
distance of 50 m in the horizontal direction. [Ans. zero ] 
A car is going on a level road. Its driver applies brakes to slow down the car from 60 km/h to 40 
km/h. The mass of the driver is 60 kg and that of the car is 1140 kg. Calculate the work done in 
overcoming the friction offered by the brakes and the road. 


To what fraction does the kinetic energy of the system reduce ? [Ans. 92592.6 J ; 3] 
A 100 g apple falls from a tree and lands in a pond of water 5 m below. Calculate its initial P.E. 
and maximum kinetic energy. . [Ans. 497; 49 J] 
A body of mass 3000 kg moves with a velocity of 50 m/s. What will be the stopping force, if it is 
brought to rest at a distance of 400 m ? [Ans. 9375 N ] 
A bullet of mass 50 g travelling with a velocity of 600 ms has its velocity reduced to 150 ms-l 
in passing through a target. Calculate the amount of energy dissipated. [Ans. 8437.5 7] 


A pump is required to lift 500 kg of water per minute from a well 10 m deep and eject it with a 


speed of 10 ms~!. MA 
(a) How much work is done in lifting water ? 
(b) How much work is done in giving it K.E. ? ire 
(c) What is the power of the engine:in kilowatt ? What is its H.P, ? 

[Ans. (a) 816.6 J, (b) 25000 J, (c) 25.82 kW; 34.6 H.P.] 
A force of 20 N is applied to a railway truck at an angle of 30° to the rails, the truck can only move 
5 m along rails. Find the work done. [Ans. 86.6 J ] 
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14. 


15. 
16. 


17. 


18. 


19. 
20. 


21. 


22. 


23. 


24. 
25. 


26. 


What is the power developed by the engines of a jet aircraft which gives a thrust of 7.4 x 104 N at 
900 km/h ? [Ans. 1.85 x 107 W ] 
Calculate the K.E. of a ball of mass 10 g and momentum 1000 g cm/s. [Ans. 5 x 103 7 ] 
A ball of mass 200 g falls through a height of 2 m. What is its K.E. when it reaches the ground ? 


[Ans. 3.92 J] 
How much work is done by a force of 10 N in moving an object through a distance of 1 m in the 
direction of the force ? P [Ans. 10 J ] 


Find the product of mass and velocity of a body of mass 100 g having a kinetic energy of 20 J. 


[Ans. 2 kg ms-1] 
If a man lifts 4 N through 6 m in 3 seconds, what is his power ? [Ans. 8 W ] 
(a) A strong man can easily and quickly lift a 50 newton weight through i metres, 
A boy can lift the same load through the same distance, but not so easily or quickly. How much 
work does the man do ? 


(b) The boy does the same amount of work as the man, although it takes him longer. The man is 
more powerful than the boy because he works faster. If the man takes one second to lift the load and 
the boy takes three seconds, what are their rates of work in joules per second ? 

[Ans. (a) 75 J, (6) 75 W; 25 W ] 
An electron travelling at a speed of 108 cm/s is to be brought to rest in a distance of 20 cm. How 
large must be the retarding force on the electron ? Mass of the electron = 9.1 x 10731 kg. 


[Ans. 23 x 10-18 N] 
A 0.50 g bead slides along a wire, as shown in Fig. 5.13. 


A 


: $ Fig. 5.13 
If it starts from rest at point A and friction forces are negligible, how fast will it be going at 
points B, C and D ? (Take g = 9.8 ms-2), [Ans. 4.4 msl; 2.4 ms-l; Shy ms-1] 


A ball at the end of a string acts as a pendulum. The pendulum is pulled aside so that the ball is at a 


distance h above its equilibrium position. If the ball i 
EAE E i . is then released, show that i i 
passes the equilibrium position (if one ignores friction) is i 45 Seas c 


v = ¥2gh where g is the acceleration due to gravity. 


Show further that the ball dropped straight down through this distance has the same speed. 
Calculate the power of a pump which can lift 250 k 


of wat i i 
ponis (lake g 10ms E g ater to a water tank at a us p m 
man of mass 60 k : 13. es 
calculate his power. g runs up a flight of 30 steps in'40 seconds. If each step is 20 cm high, 


A block weighi z [Ans. 90 W ] 
weighing 15 N slides down from the top of an incline plane making an angle of 30° with 
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27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


the horizontal. Calculate the work done by the force of gravity in moving the block 5 m along the 
plane. Assume that the force of friction is zero. [Ans. 37.5 J ] 
A block of 40 kg mass is pulled up a slope by applying a force acting parallel to the slope. If the 
slope makes an angle of 30° with the horizontal, calculate the work done in pulling the load up a 


distance of 6 m. What is the increase in potential energy of the block (Take g = 10 ms-2) 
[Ans. 1200 J; 1200 J] 


A person of mass 50 kg climbs a tower of height 72 m. Calculate the work done. (g — 9:8 ms-2). 
[Ans. 35280 J] 
[A.I.S.E.1983 ] 


A body of mass 2 kg falls from rest. What will be its kinetic energy during the fall at the end of 

2s ? Assume g = 10 m/s*. [Ans. 400 J ] 

r [A.I.S.E. 1981 (C)] ` 

A body of mass 2 kg. is dropped from the top of a tower of height 50 m. If the acceleration due to 

gravity is 10 m/s?, what will be its K.E. at the end of 25? à [Ans. 400 J ] 
[A.I.S.E. 1982] 


How much work is done by a force of 10 N in moving an object through a distance of 1 m in the 


direction of the force ? [Ans. 107] 
[A.I.S.E. 1982 ] 
What is the K.E. of a body of mass 1 kg moving with a velocity of 2 ms-l 2 [Ans. 2J ] 


[A.LS.E. 1982 (C) 


A horse and a dog are running with the same speed. If the weight of the horse is ten times that of 
the dog, what is the ratio of their kinetic energies ? [Ans. 10:1] 
i [A.I.S.S. 1986 ] 
A 10 g bullet is fired from a gun weighing 5 kg. If the speed of the bullet is 0.2 km/s, calculate the 
speed of recoil and the kinetic energy acquired by the gun. [Ans. 0.4 m/s; 0.4 J] 

[A.L.S.S. 1986 ] 


A car weighing 1000 kg and travelling at 30 m/s stops at a distance of 50 m decelerating 
uniformly. What is the force exerted on it by the brakes ? What is the work done by the brakes ? 
[ Ans. 9000 N; 450000 J ] 


afta 
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CHAPTER — 6 
WAVE MOTION 


LEARNING OBJECTIVES : 


At the completion of this Chapter, you should be able to grasp : 


(ù the concept of a wave — a form of disturbance. 


(i) the concept of a pulse — disturbance for a short duration of time. 
(iii) the meanings of ‘mechanical waves and non-mechanical waves. 


(iv) the idea that waves transport energy and not matter. 


(v) the distinction between transverse waves and longitudinal waves. 


(vi) the concept of a periodic wave and its characteristics. 


(vii) the meanings of : amplitude, time- period, frequency, velocity and wavelength as related to a wave motion. 
(viii) the relation between velocity of a wave, frequency and wavelength. 


6.1. INTRODUCTION 


In earlier chapters we studied the different types 
of motion a body can perform such as motion with 
uniform velocity and accelerated motion in a 
straight line, circular motion with uniform speed 
and a projectile motion. We then learnt to relate the 
acceleration of the body to the force applied. We 
also derived the distance travelled by such a body in 
a given period of time. We next studied the periodic 
motion of a body acted upon by a restoring force. 
We saw how the motion of such a body repeats 
itself after a fixed interval of time called its period. 
` So far we restricted ourselves to the motion of an 

isolated body but we know that bodies rarely exist 

in isolation, e.g., a liquid (water) consists of a 

large number of molecules closely packed with 
` strong attractive forces between them. Similarly a 
solid (iron string) consists of a large number of 
particles very closely packed with Strong attractive 
forces between them. Again, a gas (air) consists of 
molecules which are bound together by 
intermolecular forces. 


If we move one particle of a solid or a liquid or 
a gas, the neighbouring particles (or molecules) get 
affected. In this Chapter we shall study the motion 


of à collection of particles or bodies — Wave 
Motion. 
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6.2. MOTION OF A COLLECTION OF 
BODIES (WAVE MOTION) 


HALF METRE ROD 


Fig. 6.1 


Let us make a small set-up. Take a half metre 
rod and fix it horizontally between two clamp 
stands as shown in Fig. 6.1. Take a string about 
60 cm long and tie its ends to the ends of the metre 
rod and fix it horizontally between two clamp 
stands as shown in Fig. 6.1. Now suspend eight 
identical pendulum bobs at the same distance from 
each other by tying. firm knots. See that the bobs 
are at the same height from the ground. 


Now hold bob 1 at the extreme left between 
your thumb and the first finger and pull it towards 


yourself by about 3 cm, perpendicular to the plane 
of the paper, which is the plane in which the 
threads of the pendulums lie, and release it. It starts 
oscillating in the plane of the strings of the 
pendulums. Take care that bob 1 does not collide 
with its neighbouring bob 2. You will notice that 
after some time the second bob starts oscillating, 
then the third, the fourth and so on until the last 
bob 8 starts oscillating. 


Remember you had only disturbed the first bob 
from its mean (or equilibrium) position. Yet this 
disturbance travelled along until the last bob 8 felt 
this disturbance and started oscillating too. The 
oscillations of the first bob were able to cause 
oscillations in a bob far away from it without 
actually touching it. How does it happen ? If you 
notice, you would find that the bobs are coupled (or 
connected together) by means of the horizontal 
string to which their threads are tied. The 
disturbance created at bob 1 is communicated to 
bob 2 via this string. Bob 2 hands over its 
disturbance to bob 3 and so on until the last bob 8 
receives the disturbance and begins to oscillate. 
Hence the disturbance is handed over from one bob 
to the next and so on. 


If such a disturbance is created in a medium 
consisting of a very large number of particles very 
close together, this disturbance will travel from one 
particle to the next in exactly the same manner as 
it travelled from bob 1 to other bobs in the above 
mentioned experiment. Such a disturbance which 
travels in a medium is called a wave motion (or a 
wave), 


Wave motion may, therefore, be defined as 
a form of disturbance which travels through an 
elastic material medium and is due to the repeated 
and periodic motion of the particles of the medium 
about their mean position, the motion being 
handed over from particle to particle, 


Examples of wave motion : Some of the examples 
of wave motion are given below : 


1. Ripples in Water or Water Wave : 


If anyone is asked to produce an everyday 
example of wave motion, almost the only 
ones that come to mind are ripples (or 
waves) running over the surface of water or 
the large-scale effects of waves at sea (Fig. 
6.2). ^ 


Fig. 6.2 


Throw a piece of stone into a quiet tank of 
water. Circular ripples are formed and travel 
outwards from the point where the stone struck the 
surface of water. Let us see the mechanism by 
which these ripples have been formed. As soon as 
the stone strikes the surface of water, a depression 
is caused. Due to elasticity, water tries to recover 
its original level and in doing so fills up the 
depression. Owing to inertia of motion and hence 
kinetic energy of its particles, the water overshoots 
its mean position. This results in the formation of 
an elevation which is again followed by a 
depression and so on. Due to cohesion (i.e., force 
of attraction between molecules of water), the 
neighbouring particles are also affected though a 
little later. Thus a wave train of elevations 
followed by depressions is formed. A piece of cork 
thrown on the surface of water will simply toss up 
and down when the ripples (or waves) reach it. It 
would, therefore, be clear to a careful observer that 
it is the disturbance which eventually reaches some 
distant part of the water tank and produces physical 
effects there, even though there is no actual transfer 
of water from the point of impact of the stone to 
the distant point. 


2. A Wave on a String : 


Another easy way to produce wave motion is 
to tie one end of a long rope to a window bar or a 
hook on the wall. If the free end of the rope is 
moved up and down, the disturbance will be seen to 
travel along the rope (Fig. 6.3). 
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DIRECTION OF DISPLACEMENT 


Fig. 6.3 


3. Wave in a System of Trolleys : 


Imagine a. system of trolleys linked together 
by springs. The spring attached to the last trolley P 
is pulled (Fig. 6.4) and then released immediately. it 
will be observed that the trolley will move to the 
right, followed by trolleys R and S and so on. 


Thus a disturbance started at one end travels to the 


other end. 
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Fig. 6.4 


` 4. Sound Wave : 

When we speak, it is the oscillations of our 
“vocal cord” inside the throat that produce sound 
waves (Fig. 6.11). We disturb air molecules close 
to our mouth. These in turn disturb the ones 
nearby. This disturbance travels, oscillating the air 
molecules along its path until those molecules 
which are close to the listener's ears start 
oscillating too. These oscillations vibrate the ear 
drum which then sends the message to the brain 
through nerve connections. 


Sound is produced by making things oscillate 
in a medium (air). When one strikes a drum, one 
can hear the sound, but one may not be able to see 
the oscillations of the membrane. Similarly when 
one plays on a tabla, one can hear sound. One may 
be able to observe the oscillations of the membrane 
of the tabla by placing a few small pieces of cork 
on it which will be found jumping up and down. 


Let us see, from the above-menti 
: -mentioned 
examples, what common features of a wave motion. 
are: A disturbance ^ started at one place 
progressively moves along. That is why such a 
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wave motion is also called a progressive wave 
motion. The progressive movement takes place 
through a medium ; for example, water, rope, 
springs and air, etc., in the above-mentioned 
examples of wave motion. Notice that although the 
disturbance travels from one region of the medium 
to another, no part of the medium travels very far 
from its mean position. 


Thus, for a wave motion : 


(i) A material and elastic medium is necessary. 


(ii) The particles of the. medium do not travel 
forward but simply oscillate about their mean 
positions. 

(iii) A particle of the medium begins to oscillate 
a little later than its preceding particle. In 
other words the whole of the medium is not 
disturbed all at once but the motion is handed 
over from particle to particle. 

(iv) The velocity of the wave motion is different 
from the velocity of the vibrating particle of 
the medium. 


6.3 ENERGY TRANSFERRED 
DURING PROPAGATION OF WAVES 


In chapter on “Work and Energy" we discussed 
the transfer of energy by the bodily motion of 
masses of material. Winds, tides and projectiles in 
flight illustrate such energy transfer. Energy may 
also be transferred by the motion of particles. 
Electricity and heat are both conducted through 
metals by the motion of electrons. 


Wave motion is a third method of energy 
transfer. Energy may be transferred through matter 
(or Material medium) by waves. A wave originates 
in displacement of matter from its normal or mean 
position, which causes some of the material to 
oscillate about the mean position. The energy 
disturbance progresses through the matter, but the 


matter as a whole does not move along the path of 
the energy. 


Let us study some examples of transfer of energy 
by waves : 


(a) Drop a stone in a still water tank, Waves (or 
ripples) will spread from the point where the 
Stone touches the water. As the wave train 
Passes Over the surface of water, it does not 
Carry the water with it. This can be seen by 
placing a piece of some light material such as 
cork on the surface of water. As the wave 


passes them, they merely bob up and down. 
The up and down motion of the piece of cork 
represents the motion of water molecules at 
the place occupied by the piece of cork. The 
fact that the water molecules begin to move 
up and down indicates that they have received 
the energy which was created at another place 
where the stone was dropped. Thus the wave 
transfers energy without transferring matter. 

(b) If we tie one end of a long string to a hook 
on a wall and the free end is moved up and 
down, the disturbance (or a wave) will be 
seen to travel along the string (Fig. 6.3). The 
individual points on the string move up or 
down whereas the hump moves to the left or 
right. The up and down movement of the 
points on the string indicates that the points 
on the string have received energy. In this 
process there is no transport of matter from 
the one end of the string to the other but you 
can see the transfer of energy. 

Energy may be transferred through space by 
electromagnetic waves. Light from distant stars 
travels through the vacuum of outer space as 
electromagnetic waves. This travelling disturbance 


is not motion of matter but motion of an 
electromagnetic field about which you will learn in 
higher classes. 


6.4 PULSES : 
Single non-repeated disturbances are called 


pulses. In other words pulses are waves of short 
duration. With pulses the medium oscillates for a: 


shortwhile and then returns to its original mean 
position or equilibrium position. Let us study an 
example of a pulse (a wave of short duration). 

Take a long small-diameter spiral spring or a 
slinky toy as in Fig. 6.5(a), stretched between 
tworigid supports. Suppose a portion of the spring 
is displaced by pulling it upward at point 1 to form 
a small hump (or a crest), while keeping points 2 
and 3 at their original positions [See Fig. 6.5 (b)]. 
When the spring is released, the distorted portion of 
the spring is pulled back because of the elasticity 
of the spring. But because of this action of the 
spring on the region of point 1, the Spring in the 
region of point 3 undergoes a reaction which 
displaces point 3 upward and the hump moves 
towards the right as in Fig. 6.5(c). Similarly, as 
the spring in the region of point 3 i$ pulled back, 


the spring in the-region of point 4 is displaced . 
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Fig. 6.7 A transverse wave on a long spring. 


upward. In this manner the hump travels from left 
to right along the spring. [See Figs. 6.5(d) and 
6.5(e)]. 

A trough or downward displacement formed 
at point 1 would travel along the spring in similar 
fashion. 


Such single non-repeated disturbances (e.g., small 
humps in the spring) are called pulses, Notice how 
the spring itself does not move as a whole. Only 
the individual parts of the spring move in such a 
way that the hump moves to the right as a whole. 


The individual parts of the spring oscillate for a 
shortwhile and then return to their original 
positions, 


6.5 MECHANICAL WAVES 


A mechanical wave is a disturbance that 
moves through matter (or a material medium), 


To Produce mechanical waves, we need a 
source which produces a disturbance (a 
displacement of some sort in Matter) and an elastic 
medium (matter in some form) which has inertia 
to transmit the disturbance. An elastic medium 
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WAVE LENGTH ——— J 


Fig. 6.8 Transverse wave 


behaves like an array of particles connected by 
springs, with each particle at equilibrium (or mean 
position) (Fig. 6.6). In other words the medium 
must be continuous. 

If particle 1 is displaced from its equilibrium 
position by being pulled away from particle 2, it is 
immediately subjected to a, force from particle 2 
which attempts to restore particle 1 to its original 
position. At the sametimé, particle 1 exerts an 
equal but opposite force on particle 2 which 
attempts to displace it from its equilibrium 
position. Similar events occur, but in opposite 
directions if particle 1 is displaced from its 
equilibrium position by being pushed towards 
particle 2. 

If particle 1 is displaced permanently by a 
source, it exerts a force which displaces particle 2. 
Particle 2, in turn, being displaced from its 
equilibrium position, exerts a force on particle 3, 
which is in turn displaced. In this way, the 
displacement (a kind of mechanical wave) travels 
along from particle to particle. Because the 
particles have inertia, the displacements do not all 
occur at the same time, but successively as the 
particles are farther and farther from the source. The 
kinetic energy imparted to the first particle by the 
source is transmitted from particle to particle in the 
medium, 

Water waves, waves in a rope, and sound 
waves are examples of mechanical waves, Light 
waves are not mechanical waves as they can travel 
even in a vacuum, 


6.6 TRANSVERSE AND LONGI- 
TUDINAL WAVES t 
There are two types of wave motion, namely, 


(i) Transverse wave motion,and 

(ii) Longitudinal wave motion. 

(i Transverse wave motion. It is a wave 
motion in which every particle of the 
medium vibrates harmonically about its mean 
position in a direction perpendicular to the 
direction of propagation of the wave. 
Examples are, : 

(1) Waves on the water surface. 


(2) Light, heat and electromagnetic waves. 


(3) Vibration of a string under tension in a 
musical instrument, e.g., a sitar, a 
guitar, a violin, etc. 

(4) Take a long horizontal spring with one 
end attached to the wall and the other 
end held in the hand and pulled taut. By 
moving the hand up and down rapidly 
two or three times, a wave can be made 
to travel along the spring as shown in 
Fig. 6.7. : 

One of the coils of the spring P may be 
painted (say green) so that its motion can be easily 
observed. Although the wave travels along the 
spring in a horizontal direction, P oscillates up and 
down on a verticle straight line and does not move 
in à horizontal direction. The motion of P is, in 
fact, simple harmonic and the wave is called the 
transverse wave since the oscillatory motion of any 
part of the system, such as P, is at right angles to 
the direction in which the wave is travelling. 


For transverse waves it is essential that the 
medium should possess inertia, elasticity and also 
cohesion. Transverse waves cannot be propagated 
in gases as they do not possess cohesion (i.e., force 
of attraction between the molecules of gases.) 
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POINT REACHED BY FRONT OF WAVE 


Fig. 6.9 
Transverse wave travels in the form of crests and 
troughs. Crest is the position of maximum 
displacement in the positive direction (e.g., B,F J), 
ie., above the line of mean position whereas 
trough is the. position of maximum displacement 
in the negative direction (e.g., D, H.), i.e., below ' 
the line of mean position as shown in Fig. 6.8. 


(ii) Longitudinal wave motion. It is a 

' wave motion in which each particle of the 
medium vibrates harmonically about its mean 
position in the same direction as the direction 
of propagation of the wave. 


152 


Examples are : 
@ Compressional waves in springs : 


Take a long horizontal spring and oscillate its 
free end backward and forward in a horizontal 
direction (Fig. 6.9). The spring remains 
Straight, but a wave of alternating 
compressions and extensions travels along its 
length. The painted (say green) coil P 
performs simple harmonic motion in a 
horizontal direction. The oscillatory motion 
of a part of the system is in the same 
direction that the wave is travelling and so 
this is a longitudinal wave. 
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Fig. 6.10 


Again consider a spring hung vertically and 
loaded by a weight at the lower end (Fig. 6.10). 
When the weight is pulled down and then released, 
the turns of the spring vibrate up and down along 
the length of the spring and hence the disturbance 
is propagated along the spring as a longitudinal 
wave. When the weight is pulled down, it stretches 
the spring and hence a few turns of the spring 
become extended' or the e between s 
becomes ter than the normal separation. Thus a 
region of POE clon is caused [Fig. 6.10 (b)]. Due 
to inertia, the weight moves to the position higher 
than its normal position of rest (i.e., mean 
position) and this compresses the spring, i.e., a 


COMPRESSION 


VOCAL CORD 


RAREFACTION 


few of the tums become compressed by coming 
closer together. Thus this state of compression 
begins to move forward along the length of the 
spring. 


It will be noticed that alternate compressions 
and rarefactions are formed for sometimes till the 
weight comes to rest. 


(ii) Sound in air is another example of 
longitudinal wave. 


Sound is usually transmitted as a longitudinal 
wave in the air. Consider what happens when you 
shout to your friend across a lake. Air is expelled 
from your lungs through your windpipe, past two 
elastic membranes, known as vocal cords, inside 
the windpipe (Fig. 6.11). The flow of air past the 
vocal cords causes them to vibrate, and the size of 
the opening, between them varies periodically. The 
air is consequently expelled in puffs that follow 
one another in rapid succession. These puffs of air 
do not travel all the way across the lake to your 
friend's ear. As a puff emerges it increases the 
pressure of the air in the immediate vicinity of the 
mouth. In between puffs the molecules of air near 
the mouth move further apart to relieve the excess 
pressure, but they collide with neighbouring 
molecules and force them closer together so that a. 
region of high pressure and density is created a 


Fig. 6.11 Sound wave in air 


153 


little farther from the mouth. In fact the process 
continues and the region of high pressure moves 
outward from the mouth with the speed of sound. 
Each puff creates such a region of high pressure 
moving outward. 
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Fig. 6.12 


The sound wave therefore consists of a train of 
high pressure regions (compressions) following 
one another in rapid succession separated by 
regions of lower pressure (rarefactions) (Fig. 
6.12), The individual molecules do not travel with 
the high pressure regions ; they merely oscillate 
backward and forward parallel to the direction in 
which the sound is travelling. Rather it is energy 
in the form of an impulse thatpasses from one 
section of the air to the next. When these waves 
reach the ear of a listener, they will vibrate the ear 
membrane and the listener will hear a sound (Fig. 
6.11). 


SPRING 


(MAXIMUM 


Let us consider how sound waves produced by 


-a tuning fork propagate through the air. As you 


strike a tuning fork against a rubber pad, its prongs 
Start vibrating. Consider say one prong A. Fig. 
6.12 At an instant when the prong A moves 
outwards, it pushes the air in front of it creating a 
crowded section of the air particles. The part pushes 
the air next to itself a little further and so on. This 
crowded section is called a compression. As the 
vibrating prong A moves to the other side, it 
creates a region where the air is rarer. This section 
is called a rarefaction. The vibrating tuning fork 
keeps producing alternate compressions and 
rarefactions, which move out. This moving pattern 
of alternate compressions and rarefactions is the 
sound wave. The behaviour of molecules of air is 
similar to the behaviour of the coils of the spring 
in Fig. 6.9. 
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Fig. 6.14 One vibration of a vibrating weight 
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Fig. 6.15 Diplacement-time curve of a vibrating weight 


Longitudinal waves travel in the form of 
compressions (or condensations) and rarefactions 
(Fig. 6.13). Compression is a region of greater 
density, i.e., the region in which the particles 
ofthe medium come nearer together than their 
normal separation whereas rarefaction is a region of 
smaller density of the medium, i.e., the region in 
which the particles of the medium are farther than 
their normal separation. - 


In a longitudinal wave, due to alternate 
compressions and rarefactions, the volume of the 
region of the medium is altered and as such volume 
elasticity is involved in the process. Hence for 
longitudinal waves, the medium should possess 
inertia and elasticity only. That is why this type of 
wave motion is possible in all the type of media, 
i.e., solids, liquids and gases. 


6.7 PERIODIC WAVES AND THEIR 
CHARACTERISTICS (Simple Harmonic 
Motion) 

So far we have examined the effect of a single, 
Non-recurring wave disturbance. Now let us 
consider what happens if similar disturbances are 
repeated periodically. Regular, rhythmic 


disturbances resulting from continuing periodic: 


vibrations are called periodic waves. For example, 
consider a weight suspended from a vertical spring 
[Fig. 6.14. (a)). If it- is allowed to stand for 
sometime without disturbance, the weight will 
come to some steady (or mean or equilibrium) 
position, If the weight is pulled down slightly and 
then released, it will start oscillating [Fig. 11.14 


(b)]. Such a motion is periodic or simple 
harmonic motion. That is, the weight repeats its 
motion once every certain time interval. The 
vibrating weight acts as a source of periodic 
disturbances. The maximum displacement of the 
centre of the vibrating weight on either side of its 
mean or equilibrium position is called the 
amplitude of vibration and is usually denoted by 
A [Fig. 6.14 ()). The positions of the vibrating 
weight at different times are shown in Fig. 6.14 (b) 
i, ii, iii, iv, v, vi. When released from the position 
of its maximum downward displacement (Fig. 6.14 
(b) — i), it begins to move up, passes through the 
equilibrium position (Fig.6.14 (b)—ii), and 
continues to move up due to inertia. The upward 
motion stops when the displacement from the 
equilibrium position becomes equal to A (Fig. 
6.14 (b)—iii]. The weight will now start moving 
down again, passes through the equilibrium or 
mean position [Fig. 6.14 (b) iv] and stops when 
the downward displacement is A again [Fig. 
6.14(b)—v]. This motion will go on repeating if 
there is no friction. 


When the weight starting from the maximum 
downward displacement [Fig. 6.14 (b)—i], goes up 
and comes back to the same position [Fig. 6.14 
(b)v], we say that the vibrating weight has 
completed one vibration. One can define one 
vibration with reference to any point along the 
motion and not necessarily the point of maximum 
displacement. In general, we can define one 
vibration (or oscillation) as follows : 
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Whenever a vibrating particle moves from its 
equilibrium position to one of its extreme 
positions, then to the other extreme position and 
back to its equibrium position, we say that the 
vibrating particle has completed one vibration 
(or oscillation). 


Thus when the vibrating weight in [Fig. 6.14 
(b)] passes through the equilibrium position (or 
any reference point) twice travelling in the same 
direction, we say that one vibration or one 
oscillation has been completed. 


In Fig. 6.15 we have plotted the displacement 
of the centre of the weight as a function of time. 
This is a sine curve (or a cosine curve). We always 
get such type of curves when we consider vibrating 
bodies. From Fig. 6.15, it is easy to see that one 
vibration is completed in each of the following : 


OPQRS ; PQRST ; HPKQRSL. 

The time taken by a vibrating body to 
complete one vibration is called its timeperiod 
(T). The number of vibrations per second is called 
its frequency and is denoted by Y (Greek letter 
nu). 

Time period (T) 


1 
- number of vibrations per second (v) 


or 


urn) * 


TROUGH 


WAVE LENGTH(A) 


1 i 1 


This is a very important relation. Time period 
(T) is measured in seconds. The S.I. unit of 
frequency (9) is the hertz (Hz). One hertz is 
equivalent to the expression “One cycle per second 
or one vibration per second". For example, a wave 


generated at 60 cycles per second has a frequency of. 
60 Hz which is expressed as 


Y = 60 cycles per second = 60 Hz = 60/s 

Suppose we attach the left end of a long 
string to a weight suspended by a spring (Fig. 
6.16). Assume that the weight can move up and 
down without friction. As the weight moves up 
and down, a periodic transverse wave travels to the 
right along the length of the string (Fig. 6.16). If 
we consider any part of the string, it oscillates up 
and down while the wave travels to the right, in 
the form of crests and troughs which replace one 
another. As a periodic wave travels through a 


“medium (string), the particles of the medium 


(string) vibrate about their equilibrium positions in 
identical fashion. However, the particles are in 
corresponding positions of their vibratory motion 
at different times. The position and motion of a 
particle indicate the phase of the wave. Particles 
of the medium which have the same displacements 
and velocities and are moving in the same direction 
are said to be in phase. Particles O and § ;P 
and T; R and N ; B and D (Fig. 6.16)are in phase. 


STRING 


TROUGH 


Fig. 6.16 A wave travelling along a string fastened to an oscillating weight 
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Those with opposite displacements and velocities 
and moving in opposite direction (particles O and 
Q ; P and R) are in opposite phase or out of 
phase or 180° out of phase. 


The distance between two consecutive crests or 
two consecutive troughs along a wave is defined as 
the wavelength and is usually denoted by the 
Greck letter X called lambda. In Fig. 6.16 , the 
distance RN or PT gives the wave length. It is also 
defined as the distance between two consecutive, 
vibrating particles which are in the same phase. 
One crest and one trough also constitute one wave 
length. It is also defined as the distance travelled by 
the disturbance (wave motion) in the time in which 
the particle of the medium completes one 
vibration. 


From Fig. 6.16 it is clear that the points 
separated by distances A, 2h, 3A, ... are all in 


phase whereas the points separated by distances 2 


3A 3A. ... are all out of phase. 
21 p 

The amplitude (A) of the wave is the same as 
the amplitude of the oscillating source [i.e., 
oscillating weight in Fig. 6.16]. As the wave 
moves forward, each point oscillates with the 
frequency of the source. 


RELATIONSHIP BETWEEN WAVE 
SPEED,  WAVE-LENGTH AND 
FREQUENCY : 

An advancing wave has a finite speed, v, fora 
given transmitting medium. Wave speed may be 
quite slow, as that of water Waves. It may be 
moderately fast, as that of sound waves in water at 
room temperature which travel with speeds of the 
order of 102 — 10? ms. It may be speed of light or 
radio-waves 3 x 10* ms. The speed of a wave 
depends primarily on the nature of the wave 
disturbance and on the medium through which it 
passes. Wave speed may also depend on wave- 
length in certain media. 


When the speed of a wave depends on its wave- 


length (or frequency) we say the transmitting ` 


medium is disperstve. 
Since a wave travels the distance ^in the time 
T for a complete vibration of the source, its speed 


(v) is given by the expression 


Speed = distance 
time 


— wave-length 
time-period 


This shows how fast does a disturbance in a 
medium travel. This important equation is true for 
all periodic waves, whether transverse or 
longitudinal, no matter what the medium is. 


As we have shown, the speed of any periodic 
wave in a medium is equal to the product of its 
frequency and wavelength. Note that the speed of 
the wave and the speed with which any part of the 
medium oscillates are not at all related. For one 
thing the speed of a wave of a given frequency ina 
medium is constant, whereas the speed of any one 
part of the medium is constantly changing as it 
oscillates. The speed is maximum for that part of 
the medium which is close to its mean position 
and zero at the extremes of oscillations. 


In all forms of travelling waves, energy is 
transmitted from one point to another. The rate of 
transfer of energy or the power transmitted by a 
wave is proportional to the square of the wave 
amplitude and the square of the wave frequency. 


6.8 GRAPHICAL REPRESENTATION 
OF A PERIODIC WAVE 


It is very useful to learn to represent a periodic 
wave graphically. 
(i) Transverse wave : 
Consider a weight, suspended from a 
vertical spring, to which we attach the left end of a 
long string (Fig. 6.16). If the weight is allowed to 
stand for sometime without disturbance, the weight 
will come to some steady Of mean or equilibrium 
position. Assume that the weight can move up 
and down without friction. As the weight moves 
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up and down, a periodic transverse wave 
travels to the right along the length of the 

string (Fig. 6.16). If we consider any part of 

the string, it oscillates up and down while the 

wave travels to the right, in the forms of 
crests.and troughs which replace one another. 

Let us say that the string is lying along the X- 
axis before a transverse wave is generated in it 
(Fig. 6.17) After a transverse wave is generated in 
the string, if we plot the displacements of different 


points of the string at any instant along the Y-axis - 


and the distances of those points from the source 
(i.e., Oscillating weight) along the X-axis, we get 
a graph as shown in (Fig. 6.17) which represents a 
periodic transverse wave. The curve is known as 
sine or cosine curve. 


As time passes new crests and troughs are 
created at regular time intervals and the pattern 
repeats itself after a fixed distance. (Fig. 6.17). 

Notice how the individual points of the string 
shift up and down as time increases, and change the 
shape of the graph. As time increases the crest 
TS (a) and the trough marked (b) move to the 
right. 


(ii) Longitudinal wave : 
Let us take the case of a longitudinal wave in 
a gas. Particles of the gas in the region of 
compression are in the process of moving 
forward in the direction of the wave whereas 
the particles in the region of rarefaction are in 
the process of moving backward. If the 
forward displacements are represented by 
positive ordinate above the straight line (Z.e., 


CONDENSATION 


DISPLACEMENT 


along Y-axis) and the negative ordinates 
below that line, the joins of the ends of the 
ordinates will represent the displacement-time 
curve as shown in Fig. 6.18. This curve is 
also known as sine or cosine curve. This 
graph represents a periodic longitudinal wave. 
For a longitudinal wave, we can also get a 
similar curve by plotting the density of the gas at 
any instant as a function of distance from the 
source. When no wave travels in the gas, the 
density of the gas is the same everywhere in the 
gas. When a longitudinal wave is travelling in the 
gas, the particle density of the gas changes from a 
high value at a compression to a low value at a 
rarefaction. If we plot the density at a point in the 
gas along the Y—axis against the distance of that 
point from the source, we get the graph shown in 
Fig. 6.19 which represents a periodic longitudinal 
wave. 


How is the graph of a periodic wave different 
from the graph of a pulse ? There are two points of 
difference : 

(i) Every point on the string is displaced, unlike 
a pulse where only a part of the string is 
displaced from its position. That is, a 
periodic wave stretches over the entire 
medium (string). 

(i) There is a basic pattern which repeats itself 
after a fixed distance in case of a periodic 
wave, which is not so in the case of a pulse 
which is a sudden and irregular disturbance 
lasting only for a short duration. 


RAREFACTION 


Fig. 6.18 
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DENSITY ——BÀ 2 


X 
DISTANCE —— >> 


Fig. 6.19 


SOLVED EXAMPLES 
Example 1. 


If the vibrator in a ripple tank strikes the water 
200 times in a second, what is the frequency of the 
waves produced ? If the frequency of the vibrator is 
halved, what happens to the frequency of the wave ? 


Solution 


Frequency of the waves is equal to the 
frequency of the vibrator. Since the frequency of the 
vibrator is defined as the number of vibrations 
made by the vibrator in one second so its frequency 
is 200 Hz as it makes 200 vibrations in a second. 


Frequency of the wave produced 
= 200 Hz = 200 şs! 
If the frequency of the vibrator is halved, then, 


the frequency of the wave also gets halved, i.e., 
100 Hz or 100 s+. 


Example 2. 


If some water waves are found to have a wave 
length of 2 cm and a frequency 10 Hz, calculate the 
speed of the waves. 


Solution : 


Wave length of water waves 
zÀ-2z2cmz2x 102m 

Frequency = v = 10 Hz 

Speed of the waves = v =? 

Since v= VA 
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Y» —10x2x 102 m/s 
7 0.2 m/s 
Example 3. 


Velocity of light in vacuum is 3 x 108 m/s 
and that in water is 2.3 x 108 m/s. If the 
wavelength of a wave in vacuum is 6 x 107 m 
what will be its wavelength in water ? What is the 
frequency of the wave ? 


Solution 

In Vacuum 
Velocity of light in vacuum 

=v, 2 3 x 108 m/s 

Wave length of light wave in vacuum 
=), =6x 107m 
Frequency of the light wave = 9 =? 
Since v; =Y- 
d 3 x 108 = 6 x 107 x $ 


PSO: 
6x107 
=5x 1014 s-1 
In water 
Velocity of light wave in water 
= v2 = 2.3 x 108 m/s 


Since the number of vibrations 
r second 
made by the vibrating source of light is 


independent of the medium in which it is vibrating, 
its frequency in vacuum is the same as that in 
water. 


Hence, frequency of the light wave in water 
zy = 5x 104s! 

Wave length of the light wave in water 
=h,=? 

Since v =Y M 

7. 2.3x 108 = 5 x 1014, 


or A, ase 1o: 
5x10 
24.6 x 1077 m 
Example 4. 


If a tuning fork vibrates with a frequency of 
512 Hz to produce sound waves which travel with a 
velocity of 330 m/s, find the wave length. 


Solution ; 
Frequency of the tuning fork =  — 512 Hz. 
This is also the frequency of the sound waves. 
Velocity of sound waves = v = 300 ms 
Wave length of sound waves = A=? 
Since v=VA 


= 0.645 m 


Example 5. 


A mass at the end of a horizontal spring is 
stretched 0.10 m from its rest position and then 
released. It takes 0.75 s for the mass to move 
through its rest position to its extreme position in 


the opposite direction. 
(a) What is the amplitude of the motion ? 
(b) What is its period ? 
(c) What is its frequency ? 


Solution 


(@ Since the amplitude is the maximum 
displacement, so the amplitude of the motion 


=A=0.10 m 


e 
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Fig. 6.20 


(b) Since it takes 0.75 s for the mass to make 
a one-way trip from one side to the other, the time 
for a round trip will be 2 x 0-75 = 1-5 s. Hence 
time period (T) = 1.5 s 


(c) Frequency (X) = 7 


Aes s! 

TS 
= 0.67 s-lor 0.67 Hz 
Example 6.. 


The following graph (Fig. 6.20) shows the 
displacement versus distance of a pulse on a rope at 
two different times. Find the speed of the pulse and 
its amplitude. 


Solution 

From the graph in Fig. [6.20], we have 
position of the pulse at time t; = 4 seconds is 15 
cm. 


DISPLACEMENT(cm) 


-10cm 


1.0m 


1.2m 


DISTANCE(m) ———» 


Fig 6.21 


Position of the pulse at time t; — 8 seconds is 
50 cm. 1 
«<. Distance travelled by the pulse in 8 — 4 = 4 
seconds is equal to (50 cm — 15 cm) = 35 cm 


Since, speed = distance travelled 


time taken 


=—35.cm_ 
So, the speed of the pulse = 2 


= 8.75 cm/s 
Amplitude (A) of the pulse = maximum height of 
the graph 


=1 cm, 
Example 7. 


Fig. 6. 21 shows the shape of a part of a long 
string in which transverse waves are produced by 
attaching one end of the string to a vibrator of 
frequency 500 Hz. Determine (i) the amplitude, (ii) 
the wavelength, and (iii) the speed of the waves. 


Solution : 


(i) Amplitude (A) of a wave is defined as the 
maximum displacement of the wave on either 
side of its mean position. From the Fig. 621 
it is clear that the amplitude of the waves is 
10 cm or 0.1m. 
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(Gi) Wavelength (A) of a wave is the distance 
between the centres of two consecutive crests 
or troughs. One crest and one trough also 
constitutes one wavelength, 

-. Wavelength (A) of the waves from Fig. 6.21 
-10m-02m i 
=0.8 m. 
(iii) Frequency of the wave is the same as the 
frequency of the vibrator, 
-. Frequency of the wave (9) = 500 Hz (Given) 
Wavelength of the wave = 1 = 0.8 m 
*. speed of the wave (v) =»), 
= 500 x 0.8 m/s 
= 400 ms-i 


Example 8. 


A boat at anchor is rocked by waves whose 
crests are 100 m apart and whose velocity is 25 
m/s. How often do the crests reach the boat ? 


Solution ; 
Given, 


Distance between two consecutive 
crests = wavelength (À) 


= 100m 
Velocity of the wave (v) = 25 m/s 
Frequency (Y) of rocking of the boat =? 


SE» As, timeperiod (T) = | 
n» 1 
ds. ISS e secon 
2 0.25 : ds e 
COS HT Thus the crests reach the boat every 4 
100 seconds. = 
Thus, the frequency of rocking of the boat is 
0.25 Hz. 
SUMMARY 
1. Wave motion is a disturbance in the medium due to repeated, periodic and to and fro motion of the particles of the 


medium about their mean position. The whole of the medium is not disturbed all at once but the motion is handed 
over from one particle to another. 

2. Wave is a method of energy propagation through space which involves periodic variations in the medium through 
which the wave travels. 
Thus waves transport energy and not matter. 

3. A pulse is a disturbance which is sudden and lasts for a short duration of time. 

4. Mechanical waves are those waves which require a material medium for propagation, e.g., Water waves, sound waves, 
Light waves are not mechanical waves. 

5. Longitudinal wave : The particle motion is parallel to the direction of the wave, e.g., sound wave in air . 

6. Transverse wave : The particle motion is perpendicular to the direction of the wave, e.g, light wave, ripples in 
Water, 

7. Periodic motion : Motion which repeats itself after a fixed time interval. : 

Wir pn (T) : The time interval during which a physical system completes one full cycle of motion. 


Frequency (3): The number of vibrations (or complete cycles) per second. 


Its unit in S.I. system is hertz (Hz) 


10 . Displacement : The distance of a moving system from its equilibrium position at some instant of time. 
11. Amplitude (A) : It is the maximum value of the displacement. 


12. Wavelength (A) : The distance between any two consecutive points on a wave pattem which are in the same phase. 
It is also the distance travelled by the wave in a medium in a time during which a vibrating particle of the medium 


completes one full vibration. 
In a transverse wave, one crest and one trough constitute one wavelength while in a longitudinal wave one 
condensation (or compression) and one rarefaction constitutes one wavelength. 
13. Speed of a wave : 
Speed of a wave = frequency x wavelength 


14. Crest ina transverse wave is a point at maximum displacement above its mean position (or equilibrium Position). 
15 Trough in a transverse wave is a point at the maximum displacement below its mean (or equilibrium) position. 


ondensation in a longitudinal wave is a region where the particles of the medium come closer 
together. In this region, the density or pressure is greater than the normal. 


16. Compression or c 
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17. Rarefaction in a longitudinal wave is a region where the particles of the medium go farther apart. In this region, 
the density or pressure is less than the normal. 


18. A periodic wave is a disturbance which is caused in a medium by a continuous and periodic oscillatory motion of 
the particles of the medium. = 


The characteristics of a periodic wave are its amplitude, time-period, frequency, wavelength and velocity. 


QUESTIONS 


[A] Objective — Type Questions 
1. In wave motion, a single disturbance which is not repeated is known as 
(a) peak 
(b) pulse 
(c) transverse wave 
(d) longitudinal wave. 


2. A wave in which the particles of the medium vibrate at right angles to the direction in which the energy 
travels is known as 


(a) a pulse 
(b) electromagnetic 
(c) transverse 
(d) compressional 
3. A sound wave in air is 
(a) longitudinal 
(b) transverse 
(c) torsional 
(d) electric 
(e) partly longitudinal, partly transverse. 


4. Pranav holds on to one end of a stretched spiral spring, Ashish to the other, Arun pi: Mei 
close together. This distortion is known as a - a et 


(i) trough 
(ii) crest 
(iii) rarefaction 
(iv) compression. 
5. A tuning fork vibrates in air. The number of compressions going past a given point per second is the 
(a) wavelength 
(b) time-period 
(c) frequency 
(d) amplitude 
(e) phase. : 
6. Rinku produces a certain note (sound of a certain frequency) when she strikes a tüning fork gently. If 


she strikes the tuning fork harder, the most probable change will be that the sound wave will 
(a) travel faster, 


(b) have a higher frequency, 
(c) have a gréater amplitude, or 
(d) have a lohger period. 
Us At a given temperature, all sound waves in air have the same 


(a) frequency 
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18. 


16. 


17. 


(b) speed 
(c) time-period 
(d) amplitude 


. If the frequency of vibration of an object producing sound in air is increased the characteristic of the 


sound wave which must change is the 
(a) amplitude 
(b) speed 
(c) wavelength 
(d) intensity. 


- The speed-of certain water waves is 5 m/s. If its wavelength is 2 m, its frequency is 


A sound wave in air has a frequency of 500 Hz. Its period is 


If the speed of sound in air is 350 ms ! and its frequency is 1000 Hz, the wavelength is 
One wavelength is the distance between 


Velocity of a wave X time-period = i 
In Fig. 6.22, one wavelength is the distance between point A and point 


Fig. 6.22 
The wavelength of a 5000 Hz sound wave having a speed of 5.9 x 10° msi in steel is about 
(i) 1 um 
(ii) 1 mm 
(iii) 1 cm 
(iv) 1m 


(v) 1 km 
Waves transfer something from one place to another. That something may be 


(a) mass, 
(b) velocity, 
(c) energy 
(d) wavelength. 
S.I. unit of frequency is 
(i) hertz 
(ii) s? 
(iii) cycles per second 


(iv) S1 
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18. 


[B] 
1. 
2. 
S 
4. 
5. 
6. 
T 
8. 
Cy 


In a transverse wave (Fig. 6. 22), the distance between a crest A and the next trough B is 10 cm. What 
is the wavelength of the wave ? 
(i) 5 cm 
(ii) 10 cm 
(iii) 20 cm 
(iv) 40 cm. 


Very Short Answer — Type Questions 

Is a wave a disturbance or energy ? 

What is a pulse ? 

Give S.I. Unit of frequency of a wave. 

What is the unit of wavelength in S.I. system ? 

How is frequency of a wave related to its time-period ? 
What are the two common classifications of waves ? 
What kind of a wave is sound ? 

What kind of a wave is light ? 

Name the kind of wave in case of a ripple. 


10. How is the velocity of wave related to its frequency and wavelength ? 
11. What is the frequency of a wave whose timeperiod is 0.002 s ? 
12. Sound travels in vacuum. Is it true or false ? 


13. 
14. 
15. 


16. 


M 


. Define the following terms with reference to a wave motion : 


- Derive the relationship between the time 


i pane the relationship between wave-length, frequency and the velocity of a wave. 
» Explain the following terms in relation to a wave ; i 


The time-period of a wave motion is 1 second and its wave-length is 5 cm. What is its velocity ? 
Is it true that ripples on the surface of water are not mechanical waves ? 


A tuning fork vibrating in air sets the molecules in air in motion. How does the frequ ibrati 
of these molecules compare with the frequency of the tuning fork ? sushey omy bration 


In a longitudinal wave, a compression and the next rarefaction are 3 cm apart. What is the wavelength 
of the wave ? 


. How many vibrations per second are represented in a wave of 101 MHz ? 
. As the frequency of a wave of constant speed is increased, does the wave-length increase or decrease ? 
- In what direction are the vibrations compared to the direction of wave travel in a transverse wave ? 


Short Answer — Type and Essay — Type Questions 


. What evidence can you think of to show that a wave transmits energy ? 


. What is the difference between a pulse and a periodic wave ? Give an example. 
. Define wave-length of a wave. ‘ 


(a) Define wave motion. Give two examples of wave motion 
(b) Distinguish between a transverse wave and a longitudinal wav 


e. Give twi li " 
(c) How does the motion of the particles of a medium diffe; NUUS 


T from the motion of the wave through it? 


A complete oscillation (or vibration); time-period; frequency; amplitude; wave-length. 


-period and frequency of a wave, 


(i) Compression (or Condensation), 
(ii) Rarefaction, 
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- Exactly what is it 
. Does the medium in which a wave moves travel along with the wave itself ? Give examples. 


- How do compressions 


. The velocity of sound in se 


(iii)* Crest, and 
(iv) Trough. 


. What is a wave motion ? Mention its characteristics. 
. In what ways may energy be transferred ? - 
. What is a disturbance ? What constituted the disturbance when a wave moves across the surface of a 


pond ? What constitutes the disturbance when a longitudinal wave travels through the air ? 


. What does a wave source supply to the medium through which the wave passes ? 
. What kind of a wave is sound ? What variables can be used to represent a sound wave as a sine curve ? 
. How do transverse waves differ from longitudinal waves ? Describe an experiment which can distinguis| 


between the two. 5 


. When a wave is generated in a pond, is it the water or the wave or both which travel ? Describe an 


experiment to support your answer. 
(a) Is sound wave in air a transverse wave or a longitudinal wave ? 


(b) How will you explain the propagation ofa sound wave in air ? 


. The steam of a railway engine is seen first and the whistle is heard a little later. Why ? 
. A tuning fork is marked with the number 512. What does this number signify ? 

. Why cannot a mechanical wave travel through vacuum ? 

. What is a mechanical wave ? How is it produced ? 


. What are periodic mechanical waves ? 
- What is a pulse ? How will you produce a transverse pulse in a spring and a longitudinal pulse in a 


spring ? 


- What is a periodic wave ? How will you demonstrate the generation of (i) a periodic transverse wave, 


and (ii) a periodic longitudinal wave ? 


. How. will you represent graphically (a) a transverse wave, and (b) a longitudinal wave ? 


. Whatis the source of all waves ? 
. Distinguish between sound waves and light waves. 


. How is a sine curve related to a wave ? 


that moves from source to receiver in wave motion ? 


and rarefactions of longitudinal waves compare to crests and troughs of 


transverse waves ? l 
(a) How far does a wave travel during one period ? 
(b) How does the frequency of vibration of a small object floating in water compare to the number 


of waves passing it each second ? 


PROBLEMS 


awater is 1531 m/s. Find the wavelength in seawater of a sound wave whose 


i 6 Hz. 
frequency is 25 [Ans. 5.98 m] 


vibrating at 300 Hz is placed in a tank of water. (2) Find the frequency and wavelength 


. A tuning fork E es in the water. (b) Find the frequency and wavelength of the sound waves produced in 


of the sound w: 
the air above the tank 


water and 331 m/s in-air. [Ams Ka) 300 Hz; 495m ) 300 Hz; 110] 


by the vibrations of the water surface. The velocity of sound is 1498 m/s in 


The velocity of sound waves in air at sea level is 331 m/s. Find the wavelength in air of a sound wave 
is 440 Hz. 
whose frequency 1$ [Ans. 0.75 m] 
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4. A tuning fork vibrating at 600 Hz is immersed in a tank of water, and the resulting sound waves in the 
water are found to have a wavelength of 2.5 m. What is the velocity of sound in the water ? 


[Ans. 1500 m/s] 


5. Velocity of sound in air is 330 m/s. What will be the wavelength of sound of frequency (i) 20 Hz, (ii) 
20000 Hz, (iii) 50000 Hz and (iv) 120000 Hz. 


[Ans. (i) 16.5 m; (ii) 1.65 cm (iii) 0.66 cm (iv) 0.275 cm] 


6. The measured time interval between our seeing the lighming and our hearing the thunder is 5 seconds. 
What is the distance of cloud from us ? Velocity of sound in air is 333.3 m/s. 


[Ans. 1.7 km] 
7 . Calculate the time taken. by wave to travel a distance of 100 km. Velocity of wave is 3 x 108 m/s 


[Ans. 3.3 x10~4 s] 


8. A man sets his watch by the noon whistle of a factory at a distance of 1 km. How many seconds is his 
watch slower than the time piece of the factory ? Velocity of sound in air — 322 m/s. 


[Ans. 3.01 s] 
9 . If the period of smau ripples on water is 0.1 s and their wave length is 5 cm, what is the speed of the 
waves ? 


7 [Ans. 0.5 m] 
10. What is the speed of a wave motion, which has frequency 2.5 Hz and wavelength 0.60 m ? 


à [Ans. 1.5 m/s] 
11. Calculate the wavelength of water waves which have frequency 0.50 Hz and speed 4.0 ms~!, 


[ Ans. 8 m] 

12. The speed of transverse waves in a string is 15 ms- 1, If a Source produces a disturb. 
5.0 cycles/s, what is the length of the waves produced ? SU MOSQ 
[Ans. 3 m] 


13. A series of periodic transverse waves, frequency 10.0 Hz, travels along a string. The distance between a 
crest and either adjacent trough is 1.50 m. What is (a) the wavelength, (b) the speed of the wave 
motion ? 


[Ans. (a) 3m (b) 30 ms-1] 
Hints : 


«— — 1.5m— — s. 


SLM 


| Fig. 6.23 


14. Periodic longitudinal waves frequency 20 Hz, travel along a coil spring. If i 
c al waves, ' . If th 
Successive compressions is 0.40 m, calculate the speed of the wave ga Au ears 


[Ans. 8 ms-l] 


15. What is the wavelength of periodic longitudinal waves in a coil spring, frequency 8.0 Hz and speed 


20.0 ms- ? 
[Ans. 2.50 m] 
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16. What is the time period of a wave of frequency 500 Hz ? 


[Ans. 0.002 s] 


17. The time-period of a vibrating body is 0.01 second, what is the frequency of the wave it emits ? 


18 


19. 


20. 


21. 


22 


[Ans. 100 Hz] 
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Fig. 6.24 


hows the displacement versus distance of a pulse on a rope at two 


The ig. 6.24 s à 
Above graphite f the pulse and its amplitude. 


different times. Find the speed o 
[y End [Ans. 8.3 cms~!; 2 cm] 


A wave generator generates 16 pulses in 4.0 seconds : (a) What is its period ? (b) What is its 


frequency ? 
rey, [Ans. (a) 0.25 s (b) 4 pulses/s] 
One pulse is generated every 0.10 s in a tank of water and the wavelength of the surface wave 


measures-3.3 cm. What is the propagation speed ? 
[Ans. 33 ems] 
a certain frequency sends waves 0.15 m long through a medium A, and 0.20 m 
B. The velocity of wave in A = 120. cm/s. Find the velocity of wave in B. 
[Ans. 1.6 m/s] 
ntal spring is stretched 0. 050 m from its rest position and then released. 


A end of a horizo : S SACO 
If i RE he for the mass to move through its rest position to an extreme position in the opposite 


direction, 
(a) What is the amplitude of the motion ? 
(b) What is the frequency of the vibration ? 


A body vibrating with 
long through a medium 


[Ans. (a) 0.050 m (b) 0.50 Hz] 
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23. A wave has a wavelength of 4 m and frequency of 200 Hz. Find its time period and velocity. 
[Ans. 0.005 second ; 800 ms-!] 


24. What is the period of a sound wave with a frequency of 2.5 x 103 Hz? 


j [Ans. 4 x 107^ s] 
25. What is the frequency of a light wave with a period of 1.6 x 10-15 5? 
[Ans. 625 x 10!^ Hz] 


a a 
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CHAPTER -7 
LIGHT 


Learning Objectives : 


At the completion of this Chapter, you should be able to grasp : 


that light waves carry energy and how is it being perceived by the human eye ; 


the causes of myopia and hypermetropia- defects of vision and the ways to correct these defects of 


white light and that different colours have different 


the reasoning of colour of objects ; colour sensory cells in the eye-rods and cones blind spot and 


Let us find answers to such type of questions in 
this Chapter. 


1. 
2. the structure and function of human eye ; 
3. the formation of image by the eyelens on the retina ; 
4. 
vision ; 
5. the perception of  colour- composition of 
wavelengths :; 
6. 
colour blindness ; 4 
7. the construction and working of telescopes and microscopes- (qualitative analysis only). 
7.1 
INTRODUCTION 


Light is radiation that can produce the sensation 
ofsight. Light isa form of energy. The sun, the stars, 
electric light bulbs, fluorescent lights, sodium vapour 
and mercury vapour lamps and many other things 
emit light. Highly polished surface sends back most 
of the light that falls on it in a definite direction while 
light is scattered by a rough surface. When light is 
absorbed by a black oil, the temperature of the oil 
rises. Special type of curved mirror gives enlarged 
image as well as diminished image while the plane 
mirror does not. 


You have learnt in earlier classes that light can 
Pass through air, through a vacuum and through 
transparent and translucent substances. Any thing 
through which light passes is known as a medium. 
You already know, also that in each of these media 
light travels in a straight line. You have also learnt in 
earlier classes that when light goes from one medium 
lo another, it gets its path changed (refraction of 
light). You will see in this Chapter how important is 
it to study this effect on the path of light, as on it 
depend most of the optical instruments we use every- 
day e.g. spectacles, telescopes, microscopes, the 
human eye etc. 


Experiments have proved 
white light is composed of seven colours and when 
white light passes through a prism each colour bends 
to a different extent. Bodies (opaque or transparent) 
do not have any colour of their own. The colour of 
the body depends on the nature of the incident light 
and the selective reflection or transmission of the 
different colours by the body. 


beyond doubt that 
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7.2 
REFLECTION BY SPHERICAL MIRRORS 
(Revision only) 


You have already studied the laws of reflection 
(as given below) in your earlier classes : 


Laws of reflection : 


(1)The angle of incidence i is equal to the angle 
of reflection r. (Fig. 1.7). 


(2) The incident ray, the normal to the surface 
at the point of incidence, and the reflected 
ray lie in one and the same plane. 


The laws of reflection that hold good for a plane 
NORMAL 


PLANE MIRROR 
(Laws of Reflection) 
Fig. 7:1: 
mirror, are also applicable in the case of a spherical 
mirror. : 


You have also learnt in your earlier classes the 


definitions of various terms related to spherical mir- 
rors and how to draw ray diagrams to obtain images 
formed by spherical mirrors for objects placed at 
different positions. Asa revision work, a summary of 
the definitions of terms related to spherical mirrors ; 
drawing of ray diagrams for spherical mirrors and 
images formed by a concave mirror and a convex 
mirror is given below : 


Spherical mirrors : 


A spherical mirror is a part of a hollow sphere or 
a spherical surface whose one side is silvered and 
other side is polished (Fig .:7.2). It is either concave 
'or convex, according as the reflecting surface is 
towards, or away from, the centre of the sphere of 
which it forms a part. Certain physical terms relating . 
to the spherical mirrors are defined below (See Fig. 
212): 


Centre of Curvature. The centre of curvature, 
C, is the centre of the sphere of which the spherical 
mirror forms a part. 


Radius of Curvature. The radius of curvature 
is the radius OC or PC of the sphere of which the 
spherical mirror is a part. 


Normal. A radius drawn through a point on the. 
spherical mirror is the normal to the mirror at that 


2€ CUM: 


z 7 
"d APERTURE ~<, | 


1 
PRINCIPAL ! 
AXIS 1 


(A) CONCAVE MIRROR ` 


Principal Axis. The straight line, PCB, passing 
through the vertex, P, and the centre of curvature, C; 
of a spherical mirror is called its principal axis. 


Secondary Axis. Any straight line, XY, other 
than the principal axis, passing through C, the centre 
of curvature of a spherical mirror, is called a secon- 
dary axis of the mirror. 


Principal Section. A section of the spherical 
mirror cut by a plane passing through its centre of 
curvature and the pole is called a principal section. It 
contains the prinicipal axis. 


PRINCIPAL FOCUS 


When a source of light is far from the mirror, and 
lies on the principal axis the rays of light from it 
would be almost parallel to the principal axis. 


Let a beam of light parallel to the principal axis 
of a spherical mirror be incident on it near its pole. 
The reflected rays converge to or appear to diverge 
from, a point F (Fig. 7. 3) on the principal axis. This 
point is called principal focus of the spherical mir- 
ror. Thus the principal focus of a spherical mirror 
may be defined as follows : 


"The principal focus of a spherical mirror may 
be defined as a point on its principal axis where a 


---.-. 


- 


IPRINCIPAL AXIS 


A 
VERTEX 


(B) CONCAVE MIRROR 


Fig. 7.2 Circular Sections of spheres from spherical mirrors 


point. OC is the normal at O. 


Vertex or Pole. The mid-point, P, of the spheri- 
cal mirror is called its pole or vertex. 


Linear Aperture. The diameter, M1M», of the 
spherical mirror is called its linear aperture. 


Angular Aperture. The an 

] . gle MıCM2 sub- 
tended by the diameter of a spherical mirror at its 
centre of curvature is called its angular aperture. 
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beam of light parallel to the principal axis converges 
10 or appears to diverge from after reflection from 
the spherical mirror" 


In the case of a concave mirror, the principal 
focus lies on its principal axis in front of it [Fig. 
7.3(i)] and in the case of a convex mirror, the prin- 
cipal focus lies on its principal axis behind it [Fig 
7.30). 


(i) 
CONCAVE MIRROR 


Focal length : 


The distance of the principal focus from the 
vertex (or the pole) of the spherical mirror is called 
its focal length. 


Image formation in spherical mirrors 
(Graphical method) :— 


Let PQ be a small object placed on the principal . 


axis of a spherical concave mirror MM [Fig. 74). 
Since the object is an assembly of points, its image 
may be found as follows : 


Consider a ray PA parallel to the principal axis. 
It strikes the spherical mirror at A. After suffering 
reflection, it passes through the focus F. Another ray 
PC passes through the centre of curvature of the 
concave mirror and as it strikes the mirror normally 


Fig. 7.4(i) 
at B itretraces its steps along BCP. The reflected rays 


i other at P which 
AF and BCP actually intersect eac! i 
is the real image of P. Anotherray PO after reflection 


will travel along OP’. One may take another ray 


(ii) 
CONVEX MIRROR 


Fig. 73 


Fig. 7.4(ii) 


directed towards the focal point F which will be 
reflected parallel to the principal axis, again inter- 
secting at P. Similarly, the image of any other point 
of the object can be determined. Draw a perpen- 
dicular from P” on the principal axis to cut it at Q'. It 
is clear from the Fig. 7.4(i) that P'Q' is the real 
inverted and diminished image of PQ, where P'Q* 
has been drawn perpendicular to the principal axis 
since PQ is also perpendicular to the principal axis. 


Following the above construction, we find that 
P' Q'isthe virtual, erect and diminished image of PQ 
formed by a convex mirror [Fig. 7.4 (ii)]. 


The graphical method consists of drawing the 
rays emanating from key points on the object and 
locating the points at which these rays are focussed 
by the mirror. For this purpose four kinds of Tays are 
of particular importance : 


1. A ray that is parallel to the principal axis and 
which is always reflected through the principal focus 
F ofthe mirror. 


2. A ray that passes through the principal focus 
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(iv) Heights or distances measured upwards convex mirror is taken as positive while 


and perpendicular to the principal axis are the radius of curvature and focal length of 
considered positive whereas heights or dis- a concave mirror is taken as negative. 
tances measured downwards and perpen- e , : 
dicular to the principal axis are considered (b) The distance of an object (u) is always 
negative. negative. 

(v) The distances of the object,image and the () The distance of ar eal image (v) is nega- 
principal focus from the pole of a spherical tive while that of virtual image (v) is 

_ Mirror are denoted by letters u, v and f positive. 

respectively. 


Nature, Position and Size of the Image 
According to the above mentioned new Formed by a Spherical Mirror : 

sign conventions ; (1) Concave Mirror : 

(a) Radius of curvature and focal length of a () When the object lies at infinity 


Fig. 7.6. 


(ii) When. the object lies beyond the centre of (ili). When the object lies at the centre of curva- 
curvature : PE 
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F first and which is then reflected parallel to the 
principal axis (the reverse of ray 1). 


3. A ray which strikes the mirror at its vertex or 
pole (i.e, the point at which the principal axis inter- 
sects the mirror). Such a ray is always reflected in 
such a way that the angle of incidence with respect 
to the principal axis is equal to the angle of reflection. 


4. The ray that passes through the centre of 
curvature and which is reflected back through the 
centre of curvature, since it strikes the mirror normal- 
ly to its surface. 


Spherical mirror formula : SS 


A mathematical relation between the distance of 
the object from the pole, the distance of the image 
from the pole and the focal length of a spherical 
mirror is called the spherical mirror formula which is 
as follows : 4 


where u — distance of the object on the prin- 
cipal axis from the pole of the mirror 


v= distance of the image on the prin 
cipal axis from the pole of the mirror 
and f = focallength of the spherical mirror. 


This mirror formula is applicable for both con- 
cave and convex mirrors. 


Relationship between focal length of a spherical 
mirror and its radius of curvature : 


where R is the radius of curvature ofa 
spherical mirror and f is the focal length. 
Linear magnification : 


The linear magnification may be defined as the 
ratio of the size of the image to the size of the object. 


where m = linear magnification 
I = size of the image 
O = size of the object. 
For a concave mirror, 
ification he ee 
magnification = m => sm y e 
For a Convex mirror, 
‘heaton T AE a 9f 
magnification = m = 5 sa y e m 


The magnitude of m can be greater or less than 
unity depends upon the values of u and v. If it is 
greater than unity (i.e,,m»1), the image formed is 
enlarged otherwise it is diminished. If m is positive, 
the image formed is erect. If m is negative then the 
image is inverted. 


In writing the above mentioned relations (i.e., 
spherical mirror formula ; linear magnification and 
the relation between f and R), we use the new sign 
Conventions (cartesian convention) in which the 
pole P (or the vertex) of the spherical mirror is taken 
to be the origin of the rectangular coordinate system 
(Fig. 7.5). The new sign conventions are given 
below : 


(i) The light rays will be taken to be travelling 
from left to right. 


(ii) All distances are measured from the pole 
(or vertex) of a spherical mirror. 


(iii) Distances measured in the same direction 
as that of the incident light are taken as 
Positive and the distances measured 
against the direction of incident light are 
taken as negative. 


SPHERICAL 
MIRROR 


4Ve 


IDENT LIGHT 
FROM AN OBJECT 


HEIGHT 
UPWARDS 
(+ ve) 


-Vve 
AGAINST INCIDENT 
L 


IGHT 
Fig.7.5 NEW SIGN CONVENTIONS 
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(v) When the object lies at the focus : 


(iv) When the object lies inbetween the centre 
of curvature and the focus : 


Fig 7.10(i) 


(vi) When the object lies between the focus and, 
the pole of the mirror : 


Y 
\ 
de 


l 
E E 


Fig. 7.10 (ii) 


(2) Convex Mirror 
G) When the object lies at infinity : 


Convex Mirror 


Fig 7.12 
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(i) When the object lies between infinity and the pole of the mirror : 


Fig 7.13 


Concave Mirror 


Position of the image Nature of the image |Size of the image Ray 
Diagram 
At Principal focus Realandinverted (Extremely diminished E 


Smaller size than the|Fig 7,7 |. 


j 


erect,|Same size at the object |— | 


At focus Virtual and erect | Extremely diminished | Fig 7.12 
Between infinity and |Between pole and the| Always virtual and | Diminished Fig 7.18 
pole ofthe miror _| focus Keg 
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Focal lengths of Mirrors 


Take a concave mirror and direct ittowards afar 
off object such as the sun, a tree or a pole and focus 
the rays of light on a white cardboard screen. Since 
the rays of light are coming from infinity (a far off 
object) so they are parallel to each other and hence a 
diminished image of the far off object is formed on 
the screen by the concave mirror. In fact this image 
is formed at the focus of the concave mirror. Measure 
the distance between the screen and the mirror. This 
distance gives the rough focal length of the concave 
mirror. 


DOUBLE CONVEX 
OR 


CONVEX 


(a) (b) 


PLANÓ-CONVEX 


spherical lenses is given below : 
Spherical lenses : 


A lens may be defined as a portion of a 
transparent medium bounded by two curved surfaces 
or by one curved surface and the other plane surface. 
The curved surfaces are generally spherical and the 
medium mostly employed is glass. Such lenses are 
called spherical lenses. 

Convex or Convergent lenses : 
Itis thicker -at the centre thanat th edges. 
(Fig. 7 14) 


CONCAVE-CONVEX 


(c) 


Fig 7.14 


With a convex mirror, one gets a vertual image 
that cannot be obtained on a screen. We need a 
different method to measure its focal length. 


73 REFRACTION THROUGH SPHERI- 


Concave or Divergent lenses : 


It is thinner at the centre than at the edges. (See Fig. 
7.15) 


DEFINITIONS OF TERMS RELATING TO 


CALLENSES = (Revision work oniy) PENSES s 
(a) Principal Axis of a Lens. The straight-line 
PNE EONSAVE CONVEX-CONCAVE 
CONCAVE 
(a) (5) (e) 
Fig 7.15 


In order to discuss the working of optical instru- 
ments e.g., the camera the human eye, the telescope 
etc., itis necessary to revise the things learnt in earlier 
classes. A brief summary of a few terms related to 
spherical lenses and the formation of images by 


178 


passing through the centres of curvature of the sur- 
faces of the lens is called the principal axis of the 
lens. 

If one of thé surfaces be plane as in the case of 
a plano-convex or plano-concave lens, the principal 
axis is normal to it and passes through the centre of 


curvature of the other surface. 


(b) Principal Section of a Lens. A section of the 
lens passing through its principal axis is called the 
principal section of the lens. 


(c) Principal Focus of a Lens. When a beam of 


(ii) CONCAVE LENS 


Fig. 7.16 


parallel rays of light falls on a lens in a direction 
parallel to its principal axis, the rays, after refraction 
through the lens, converge to or appear to diverge 
froma point on the principal axis. This point is called 
principal focus of the lens. 

In the case of a convex lens, the beam of light 
parallel to its principal axis is mde to converge to a 
point F on the other side of the lens as shwon in Fig. 
7.16 (i) whereas in the case of à concave lens, the 
beam of light parailel to its principal axis appears to 
diverge from a point F on the same side of the lens as 
the incident light as shown in Fig. 7.16 (ii). 


(d) Focal length of a Lens. The distance of the 
principal focus from the optical centre of the lens is 
called the focal length of a lens. 

(e) Optical Centre of a Lens. The optical 
centre of a lens is the point on the principal axis, 
suchthatrays passing through it do not suffer any 
change in direction. They may suffer lateral displace- 
ment. In other words, the optical centre ofa lens isa 


(Thick Convex tens . 
— lateral 'displacement 
but no deviation) 


‘Thin Convex lens 


(Optical Centre O) 
® 


Fig. 7.17 
peculiar fixed point such that a ray passing through 
it has its emergent path parallel to its incident path. 
(f) Secondary axis of the lens : 

Evidently the pricipal axis defined in (a) above 
passes through the optical centre. Any straight line 
other than the principal axis passing through the 
optical centre is called the secondary axis of the lens. 
Power of a lens : 


It is the degree to which a lens converges or 
diverges the rays of light. It is measured as reciprocal 
of the focal length of a lens expressed in metres. Thus 


Power of a lens (P) = ere 


It is expressed in dioptres (D). 


Suppose there is a convex lens whose focal 
length is 25 cm = 025m, its power (P) will be 


A concave lens of focal length—20 cm =-0.20m 
will have power (P) as 
1 


P= 0207P 


Formation of An Image By A Lens; 


Let PQ be an object placed on the principal axis 
of lens L; Lz (Fig 12.18). Regarding the object to be 
made up of a large number of points, let us first 

_ determine the position of the image of the point P. 


To locate the image of P, it is sufficient to find 
the point of intersection, after refraction through the 
lens, of any two rays originally diverging from P. In 
selection of these rays, we may bear in mind the 
properties of (i) the optical centre and (ii) the prin- 
cipal focus of the lens. Thus consider a ray PA 
parallel to the principal axis of the lens. It will pass 
through the principal focus F whereas in the case of 
a concave lens it will appear to diverge from F. 
Another ray PO passes through the optical centre, O, 
does not suffer any deviation and hence goes straight. 
The inter-section P" of these two rays is the image of 
P. Similarly the image of every other point can be 
found. The collection of these image points, P’Q’, is 
the image of the object PQ. 


If the point of intersection P'is real, (Fig. 7.18 
(1)], the image will be real, inverted and on the other 
side of the lens. 


On the other hand, if the rays merely appear to 
intersect and do not actually intersect. i.e.,the inter- 


Fig.7.18 
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Section is virtual [Fig. 7.18 (ii)], the image is virtual, 
erect and on the same side of the lens on which the 
object lies. 


LENS FORMULA : 


The new sign conventions to be used in writing 
the lens formula is as follows : 


Sign Conventions : 


(i) Distances are measured from the optical 
centre of a lens. 


(ii) Light rays will be taken to be travelling from 
the left to right. 


(iii) Distances measured in the same direction as 
that of incident light are taken-as positive and the 
distances measured against the direction of incident 
light are taken as negative. 


(Accordingly distances on the right hand side of 
the optical centre of a lens will be taken as positive 
while those on the left-hand side as negative). 


(iv) The distances of the object, image and the 
principal focus from the optical centre of a lens are 
denoted by letters u, v and f respectively. 


(v) Focal length of convex lens is positive and 
that of a concave lens negative. 


(vi) Heights measured above the principal axis 
are positive and those measured below the principal 
axis are negative. 


Assumptions : 
l. Thin lenses are used. 


2. The incident Tays of light are close to the 
principal axis of the lens. 


Lensformulaisa mathematical relation between 
the focal length (f) of the lens, the distance of the 
object (u) from the optical centre of the lens and the 
distance of the image. (v) from the optical centre of 
the lens [See Fig 7.18). This relation is for convex 
as well as concave lenses. 


Linear Magnification produced by a lens : 


The linear magnification (m) produced by a lens 
is the ratio of the distance of the image (v) to that of 
the object (u) from the lens. 


m= = 


: where / — Size of the image 
and O = Size of the object 


The ratio > will be positive in the case ofa p 
virtual image and negative in the case of areal image. 


Position, Nature And Magnification 
Produced By A Convex Lens And A Concave A 
Lens : 


Convex Lens : 


(D When the object lies at infinity : 


Fig 7.19 (a) 


Fig 7.19 (b) 
(ii) When the object de beyond 2F: 


181 


(iii) When the object lies at 2F : 


l Fig 7.21 
(iv) When the object lies between Fard 2F: 


Fig 7.22 
(v) When the object lies of F 


Fig 7.23 (a) 


Fig. 7.23 (b) 


(vi) When the object lies between the optical 
centre of the lens and the focus F : 


Fig. 7.24 
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Concave Lens : 


@ When the object lies at infinity : 


Focal lengths of lenses : 
In order to determine the focal length ofa convex 


Fig. 7.25 (b) 
(ii) When the object lies between infinity and 
the lens : 


lens, focus the image of a far off object such as a tree 
or a pole or the sun sharply on the screen using the 
canvex lens. The distance between the sharp image 
and the optical centre of the lens is the (rough) focal 
length of the convex lens. 


With aconcave lens one gets a virtual image that 
connot be obtained on a screen. We need a different 
method to measure its focal length. 


74 SOME USES OF LENSES (OPTICAL 
INSTRUMENTS): 


Lenses are used very widely in almost all optical 
instruments. e.g. the photographic camera ; spec- 
tacles ; microscopes and telescopes etc. 


Convex Lens 


Ray Diagram 


Real, inverted and extremely 
diminished. 


Real, inverted and same size as 
the object. 


On the same side as the 
object. 


Conca 


Position of object 


2. Between infinity 
and the lens. 


Between the lens and F 


The Photographic Camera : 


VARIABLE 
APERTURE 
DIAPHRAGM 


' CONVERGING LENS 


SHUTTER 


ADJUSTABLE BELLOWS OR SOME OTHER 
MECHANICAL ARRANGEMENT FOR 
MOVING THE LENS 


At F (on the same side as|Virtual, erect and extremely|Fig 7.25 
the object) diminished. 
Virtual, erect and diminished. |Fig. 7.26 


ve Lens 


SPOOL 


SHUTTER BUTTON 


PHOTOGRAPHIC FILM 


IMAGE 


LIGHT PROOF BOX 


WIND-ON SPOOL 


Fig. 7.27 


The photographic camera is made from a con- 
verging lens fitted in one face of a light-proof box 
which can be moved towards or away from a iight 
sensitive photographic film with the'help ofia bellow 
or some other mechanical arrangement [Fig 7.27]. 
The lens is positioned so that a sharp image is 
produced on the film, depending on the distance of 
the object from the lens. A variable speed shutter 
behind the lens allows the light to enter the camera 
for the amount of time needed to expose the film 
correctly. If a fast moving object is to be 
photographed then the fastest shutter speed should be 
used to prevent the photograph from being blurred. 


Behind the shutter there is a variable diameter aper- 
ture or stop which controls the amount of light which 
can pass through the lens and on to the film. The 
aperture also controls the depth of field which can be 
focussed by the camera. A narrow aperture gives a 
large depth of field, while a wide aperture gives a 
small depth of field around a given object. Objects 
outside this narrow range are oüt of focus. The con- 
verging lens is positioned so that a real, inverted 
image is formed on the film. To take distant objects 
the lens is moved closer to the ‘film and for near 
objects the lens is moved away from the film 
[Fig 12.28 (a) and (b) J. 


When the film is developed it can be printed on 
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paper using an enlarger or on a transparent material 
to produce a slide. 


FAR OBJECT 


(a) 


NEAR 
OBJECT 


(b) 


HUMAN EYE: 

A horizontal section of the eye is shown in Fig. 
7.29. The eye is nearly spherical in shape. Its essential 
parts are given below : 


Fig 7.29 
(1) Sclerotic The outermost coating $ of theeye 

is called the sclerotic. It is opaque, white and tough 
and forms the white of the eye. It protects and holds 
the eye-ball. The front portion D, of the opaque 
scleretic is transparent and more convex than the 


Fig 7.28 


remaining portion. This transparent portion which 
bulges out is called the cornea. Its refractive index is 
1337. 

LENS 


IMAGE 


(2) Choroid. The second coat, C, inside the 
sclerotic is called choroid. It is a black 
membrane which forms the black of the eye and 
darkens the interior of the eye. 

(3) Retina. The third coat ; which forms the 
innermost coating of the eye is called the retina. It is 
a semi-transparent, delicate membrane profusely 
supplied with nerve fibres and blood vessels. It is 
sensitive to light and serves the purpose of a sensitive 
screen for the reception of the images formed by the 
optical system of the eye. The retina sends electrical 
signals to the brain through the optic nerve so that we 
perceive images, 

The retina possesses the following two impor- 
tant points : 

(i) The yellow spot, y, is situated at the centre 
of the retina. It is a slightly raised spot with a minute 
depression L at its summit. It is yellow in colour and 
most sensitive to light. The central region of the 
yellow spot is called the fovea centralis. 

(ii) The blind spot, B where the optic nerve N 
enters the eye is also a raised spot but absolutely 
insensitive to light. It is not covered by the choroid 
and the retina. 
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(4) Iris. Behind the cornea there is an opaque 

diaphragm J, called the Iris. Its colour is different in 

different persons and also in persons of different 
"countries. 


The iris has a central circular aperture P called 
the pupil. The diameter of the pupil is regulated by 
the iris which can contract or relax by means of two 
sets of involuntary muscular fibres. In strong light, 
the aperture becomes small whereas in dim light it 
becomes large. 


(S) Lens. Immediately behind the iris, there is a 
double convex crystalline lens L. Its back surface is 
more convex inan its front surface. It is built of 
transparent concentric layers. The optical density of 
these layers increases towards the centre of the lens. 
The mean refractive index of the lens is 1.437. The 
lens is held in position by means of non-contracile 
tissues suspensary ligaments and connected to the 
sclerotic by the ciliary muscles. The ciliary muscles 
by contracting or relaxing change the curvature of 
the surfaces of the eye lens and hence change its 
focal length which is given by the formula. 


1 1 1 
oars 
f= focal length of the lens 
H = Mean refractive index of the 
material of the lens, 
Rı, Ro = Radii of curvature of the two sur 
faces of the lens. 


(6) Optic Axis. The line, PY, passing through the 
centre of the cornea and that of the lens is called the 
optic axis of the eye. 


where 


(7) Anterior Chamber and aqueous humour, 
The space A between the lens L and the cornea D is 
called the anterior chamber. It is filled with a 
watery liquid containing a little common salt. This 
liquid is called the aqueous humour. Its refractive 
index is 1:337. 


(8) Posterior chamber and vitreous humour. 
The space V between the retina R and the lens L is 
called the posterior chamber. It is filled with a 
viscous transparent liquid of refractive index 1437. 
This liquid is called the vitreous humour. 


Action of the Eye. As the cornea and aqueous 
humour have the same refractive index (1:337), they 
may be regarded to form a single homogeneous 
medium. Thus, on entering the cye rays of light from 
an object suffer first refraction through the cornea 


and the aqueous humour. 


On emergence from the aqueous humour, the 
rays of light suffer a second refraction through the 
eye lens of mean refractive index 1.437; 


Onemergence from the eye lens, the raysoflight 
suffer the third refraction through the vitreous 
humour of refractive index is 1437. 


After the above three refractions, the rays of 
light fall on the yellow spot of the retina and giverise 
toareal, inverted and diminished image of the object. 
The retina has an enormous number of light sensitive 
cells. These get activated upon illumination and 
generate electrical signals. The sensation produced 
on the eye is communicated to the brain by the optic 
nerve. The brain interprets this inverted image as if 
it were erect. In what manner the inverted image is 


interpreted as erect by the brain is not clearly under- 
stood. 


POWER OF ACCOMMODATION : 


Ithas been stated earlier that the focal length 
of the eye lens can be changed by contracting or 
relaxing the ciliary muscles, When these muscles 
contract, they thicken the lens or make its surfaces 
more convex thereby decreasing its focal length. This 
enables an observer to focus accurately the near 
object. 


This power of the eye to change the focal length 
of the eye to suit the distance of an object is called its 
power of accommodation. The power of accom- 
modation is greatest in the case of a child and 
decreases with advancing age. 


Common experience tells us that the eye when 
fully relaxed can see simultaneously distant objects 
Situated at different distances. A normal eye of a care 
free observer, when at rest, can see objects distinctly 
up io an infinite distance. The limit up to which an 
eye can see distinctly is called its far point, 


On the other hand, it has been noticed that when 
an object is placed very close to the eye, it cannot be 
Seen distinctly. The nearest point, where an object 
placed is distinctly visible, is called the near point 
of the eye. When an object is placed between the eye 
and its near point, it is not distinctly visible. For a 
normal eye, the near point is at a distance of about 15 
cm. 


The distance between the near point and the far 
point is called the range of vision, 
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Thus, notice that due to the power of accom- 
modation an eye can see distinctly objects placed 
between its far point and itsnear point. Inother words 
its range of vision is infinite. Within this range of 
vision, there is one point where objects placed are 
mostly distinctly visible. The distance between this 
point and the eye is called the distance of distinct 
vision. For a normal eye the distance of distinct 
vision is 25 cm. 


DEFECTS OF THE EYE : 

Due to certain causes, an eye cannot accom- 
modate itself to various distances. The vision is then 
called defective. The chief defects of the eye are 
given below : 


(1) Myopia (short-sightedness). 
(2) Hypermetropia (long-sightedness). 
Myopia (Short sightedness) 


A man suffering from myopia can see near 
objects but cannot see distinctly far off (distant) 
objects as his eye ball is too long for his eye lens or 
the eye lens becomes too convergent. 


Due to the above defects, the image of an object 
situated beyond a certain distance, called his far 
point, is formed in front of retina and consequently 
is either not visible at all or indistinctly visible. 


The myopia may be corrected by using a con- 
cave lens (divergent lens) of a suitable focal length 
so that parallel rays coming from distant objects after 
refraction through it appear to diverge from his far 
point. 

Suppose the far point of a myopic eye is P. Rays 
starting from an object placed at P are focused bythe 
eye lens on the retinaand give rise to a distinct vision. 
Rays starting from an object placed within P and his 
near point N ’ are made to fall on the retina with the 
help of power of accommodation. It may be noted 


Rays coming from infinity 


Fig 7.30 (a) 


Fig 7.30 (b) 


here that his near point N " is closer to the eye than 
the normal near point N” . On the other hand, the rays 
starting from an object placed beyond P upto infinity 
are brought to focus in front of the retina [Fig. (7.30 
(a)]. Consequently it is not distinctly visible. On 
placing concave lens of focal length equal to the 
distance between the eye and his far point in front 
of the eye, the parailel rays will appear to diverge 
from P [Fig. 7.30 (b)]. They will be focussed on the 
retina and thus give rise to a distinct vision. 


Hypermetropia (Long sightedness). 


A man suffering from hypermetropia of long- 
sightedness can see distinctly distant objects but can- 
not see distinctly near objects lying within a certain 
point as his eyeball has become too small or his eye 
lens has become less convergent. 


Due to the above defect, the image of a near 
object situated within a certain distance called his 
distance of distinct vision, is formed behind the 
retina and consequently is either not visible at all or 
indistinctly visible. 

The hypermetropia may be corrected by using a 
convex lens (convergent lens) of a suitable focal 
length so that rays coming from an object placed at 
the distance of normal distinct vision (25 cm) after 
refraction through it appear to diverge from a point 
the distnace of distinct vision of the defected eye. 


Suppose a hypermetropic eye can see beyond N’ 
upto infinity but objects lying between N’ and N are 
not distinctly seen [Fig. 7.31 (1)] where N is the point 
ata distance of the normal distinct vision from the 
eye. Evidently N" is farther from the eye than N^. 
The rays starting from an object placed at N ' are 
focussed by the eye lens on the retina and give rise to 
a distinct vision. Rays starting from an object lying 
beyond N * upto infinity are focussed on the retina 
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Fig. 7.31 (ii) 


by the eye lens by means of the power of accom- 
modation. But the rays starting from an object placed 
between N’ and Nor at N are brought to focus behind 
the retina Consequently, it is not distinctly visible. 
On placing a convex lens of such a focal length, 
a virtual image of an object placed at N is formed at 
N’ [Fig. 7.31 (ii) so that rayS appearing to come 
from his near point N’ are focussed on the retina and 
hence the image is clearly visible. 


COMPARSION BETWEEN A 


PHOTOGRAPHIC CAMERA AND THE EYE: 


1. The light tight box 
to prevent the extrane- 


ous light from outside. i 
2. The box is darkened|The sclerotic is lined 
from inside to stop reflec-| with dark choroid, to stop 
tion within the camera. |reflection within the eye. 


The opaque sclerotic to 
prevent the extraneous 
light, 


3. A converging lens sys-|The cornea, the aqueous 
tem free from spherical/humour, the crystalline 
and chromatic aberra-|lens and the vitreous 
tions and other defects to|humour constitute the 
produce a real, inverted |lens System to produce a 
and diminished image on|real, inverted and 
the sensitive film. diminished image on the 
retina of the eye 
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Eye 


4. The sensitive film after] The sensation on the 
developing and fixing|retina is communicated 
retains a permanent|to the brain by the optic 
image. nerves of the eye. The 
impression lasts for a 
moment. 


5. The adjustable|The iris regulates the size 
diaphragm regulates the|of the pupil and hence the 
size of the aperture and|quantity of light admitted 
hence, the quantity of|into the eye. 

light admitted into the 
camera. 


6. The shutter regulates| The eye-lid. can cut off 
the times ofexposure. jor admit light for any 
period. 


7. The focussing of ob-|The focussing of objects 
jects at different distan-|at different distances is 
ces is done by changing] done by the power of ac- 
the distance between the|commmodation of the 


ANGULAR VISION : 


Consider an object AB placed in front of the eye 
at a certain distance (Fig. 7.32). The image formed 
onthe retinaisab. Ifthe same objectis brought nearer 
to the eye and placed in the Position A’ B’ | the image 
formed is a'b'. Clearly, a'b' is greater than a b, Thus 
to the eye the object in the position AB appears 
smaller than when it is placed in the Position A’ B’. 


It shows that the apparent size of an object depends 
upon its distance from the eye, 


From the Fig. 7.32, it is clear that the angle 
A'OB' subtended at the eye by the object inthe 


A 


Fig. 7.32 


position A’ B^ is greater than the angle AOB sub- 
tended by it in the position AB. This shows that the 
eye estimates the angle subtended by an object on it 
and not the linear size of the object. 

The angle subtended at the eye by the object or 
image is called the visual angle. 

The railway lines appear to converge to a point 
though actually they are parallel to each other. 
Similarly, the moon appears to be as large as the sun 
though the latter is known to be much greater in size 
than the former. 

MAGNIFYING GLASS OR. SIMPLE MICRO- 
SCOPE. 

To see the fine details of a small object, we have 
to bring itas near the eye as possible so that the angle 
subtended by it at the eye may increase and so appear 
to be large. But there is a limit upto which it can be 


Fig 7.33 
brought closer to the eye. If it is placed within the 
distance of distinct vision, it is not distinctly visible. 
Consequently to study a minute object we make use 
of magnifying glass or simple microscope which 
produces a virtual image at the distance of distinct 
vision of an object placed close to the eye. ; 

A magnifying glass ora simple microscope is an 
ordinary convex lens of short focal length. When an 
Object AB is placed within the principal focus of the 
convex lens L (Fig 7.33), the eye E placed on its other 
side sees the virtual image A’B: The distance of the 
Object between, F, the focus, and O, the optical centre 
ofthe lensZ may be so adjusted that the virtual image 
A’ B' is formed at the distance of distinct vision, D 
(25 cm). The image will be then distinctly visible 
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*Angular Magnification or Magnifying Power of; 
a simple Microscope 
The magnifying power or angular magnification 

of a microscope may be defined as the ratio of the 
angle subtended at the eye by the image formed at the 
distance of the distinct vision to the angle subtended 
by the object when placed at the distance of the 
distinct vision. Thus, if A" B' is the position of the 
object AB when placed at the distance of distinct 
vision and the eye E is very close to the lens L, we 
have 
Magnifying power of the simple microscope or mag- 
nifying glass 

Angle subtended at the eye by the 

image formed at the distance of 

the distinct vision 

Angle subtended at the eye by the 

object placed at the distance of 

the obiect vision f 


_ ZA'OB' [ For the sake ee 
ZAOB’ | A’ O has not been joined 
I = LAoB _ tan AOB (when 0 is small 
A0B tang A"oB and in radians 
8 «tan 0) 
..AB/oB . AB _ OB’ OB 
— A"B'/OB' OB XB OB 


‘~ AB=A"B')orm=D/u 
where D —OB'- Distance of the distinct 
vision from the lens or eye 
and 


Distance of the object 
from the lens or eye 


u=OB= 


m= Magnifying power of the 
convex lens or simple 
microscope. 


Since the image A” B’ formed at the distance D 
is virtual, therefore v = —D. According to the lens 
formula 


ok 5 vl 
v ua f 
ek RE: 
uo 
y v D 
and 2—-1-—-2]4— 
ded" f jn 


* For further knowledge only. Only the formula 
m=1 +72 147 into be remembered 


f 


Where f is the focal length of the convex lens 


Se IER eee. 
or m= > = (+ QS S (2) 


or Magnifying power of the simple microscope (con- 
vex lens) 


H Distance of distinct vision 
Focal length of the convex lens 


The above relation shows that a convex lens of 
short focal length has large magnifying power. 


=1 


A simple microscope ordinarily has a magnify- 
ing power 20. If greater magnifying power is re- 
quired, we use a compound microscope. 


COMPOUND MICROSCOPE : 


A compound microscope is an optical-instru- 
ment which is used to magnify very small objects like 
blood cells, bacteria etc., which otherwise cannot be 
seen clearly with the naked eye. 


The essential parts of a compound microscope 
are two *convex lenses of short focal length. 


(1) The object glass or objective, 
(2) The eye-piece or lens. 


The distance between the object and the objec- 
tive is little greater than the focal length of the 
objective. Consequently a real, inverted, magnified 
image is produced on the other side of the lens. In 
Fig. 7.34, AB is the object, A B* is the real, mag- 
nified, inverted image formed by the objective O. 
This real image is then viewed through the eye lens 
which acts in exactly the same way as a magnifying 
glass. 


OBJECTIVE 
o REAL 


iA 
| 
! VIRTUAL i e 
| IMAGE Ah Ler 
| oe eye oe 
f PG Compound Microscope 
La 
Fig. 7.34 


i The lenses used in practice are combination of lenses in order to 
minimise spherical and chromatic oberrations. 
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E — EYE PIECE 


N 


The distance between the real image and the 
eye-lens is less than the focal length of the lens 
consequently a magnified virtuai image is produced. 
The lens is adjusted so that this vritual image is 
formed at the least distance of distinct vision usually 
taken as 25 cm from the eye A ' B” is the real image 
formed by the objective, A” B” is the virtual image 
foriaed by the eye-piece E. 


EYE PIECE 


Compound Microscope 
Fig. 7.35 

k The magnifying power of ti 

microscope is defined as the rati 
subtended at the eye by the ima; 

ge to the angle 

subtended at the eye by the object when Slated ar 

the least distance of distinct vision, 


he compound 
9 of the angle 


j Thus for a compound microscope, the magnify- 
ing power of magnification is 


ian 
TAE 
"PT 
AB’ AB 
Dx 
=m,Xm, = rr 


where m* is the magnification produced by eye piece 
and m, is the magnification produced by the objec- 
tive, D = 25 cm is the distance of distinct vision; L 
is the length of the microscope tube. Fand f the focal 


lengths of the objective and the eye piece respec- 
tively. 


The magnification produced by a good com- 
pound microscope is upto 5000 or more. The object 
must be strongly illuminated if a bright image is to 
be seen. 


ASTRONOMICAL TELESCOPE : 


it is an optical instrument used to see heavenly 
bodies. 

The astronomical telescope consists of two con- 
vex lenses : . 


(i) The objective O of very long focal length and 
wide aperture, and 


(ii)The eye-piece E of very short focal length and 
small aperture. 


The eye-piece Æ is fixed in a brass tube which 
can slide in the second tube at the other end of which 
the objective O is fixed. The objective and the eye- 
piece are not single lenses but convergent combina- 
tion of lenses free from spherical and chromatic 
aberrations and other defects. 


Let XY be the common principal axis of the 
objective O and the eye-piece E. Imagine that the 
Objective O is facing a distant object. Let it be situated 
atright angles of XY produced. Since the object is far 
off we may suppose that a parallel beam started from 
its top. This parallel beam is inclined to the XY at a 
small angle . (Fig 7.36). 


If the beam had been parallel to XY, after refrac- 
tion through the objective O, it would have been 
brought to its principal focus F lying on its principal 
axis XY. Since it is inclined to XY, it is brought to 
focus at I which lies on the secondary axis or the focal 
plane. Thus, / is the image of the top of the object. 
Draw IF perpendicular to XY. Then /F is the image 
of the distant object formed by the objective O. The 
image JF is real, inverted and diminished. 


Suppose/F is at the principal focus of the eye- 
piece E. A ray IE passing through its optical centre 
wil! go straight along JEC. Other rays from the image 
I after refraction through the eye-piece E will be 
formed at infinity. This adjustment of the telescope 
is called normal adjustment. This is shown in Fig. 
7.36. 


If the image JF, lies between the focus /and the 
optical centre of the eye-piece E, the final image 
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A’ B' will be virtual and magnified but inverted in the 
original sense of the object. The distance of the 
eye-piece E from IF can be so adjusted that the image 


OBJECTIVE 


EYE PIECE 


Fig. 7.36 
A’ B' is formed at distance of distinct vision. This is 
shown in Fig. 7.37. 


OBJECTIVE EYE PIECE 


Fig. 7.37 


In order to trace the course of rays forming the 
final image A ' B’ we need to take two rays. The ray 
IL travelling parallel to the principal axis XY, after 
refraction at the eye-piece E passes through its prin- 
cipal focus Æ. Another ray JE passing through its 
optical centre goes straight along JEC. These rays 
when produced backwards appear to meet at A’ 
which is, therefore, the virtual image of 7. The other 
rays forming the image 7 after refraction at the eye- 
piece also appear to diverge from A ’. Draw A’ B’ 
perpendicular to XY. Then A B’ is the final image. It 
is virtual,erect in the sense of IF but inverted in the 
sense of the distant object and magnified. 


Since the final image formed by it is inverted, 


the telescope described above is used for seeing the 
celestial objects only. 


Magnifying power of the Astronomical Tele: 
scope may be defined as the ratio of the angle 
subtended at the eye by the image to the angle 
subtended at the eye by the object. 


It can be proved mathematically that 
E 
mz 
f 
where m — magnifying power or angular mag- 
nification of the telescope. f 


F = focal length of the objective 
and f = focal length of the eyepiece. 
For high angular magnification or magnifying 
power, it is clear from the above expression that F, 
the focal length of the objective should be large 


whereas the focal length fof the eye-pieceshould be 
small. 


It will be noted that distance between the objec- 
tive O and the eye-piece E is equal F + f when the 
telescope is in normal adjustment (Fig. 7.36). 


When the telescope is adjusted in such a way that 
the final image is formed at the distance of the distinct 
vision (Fig. 7.37) the length of the telescope is slight- 
ly less than F + f. 

The objective of the Yerkes telescope has a 
diameter of 1'08 m and a focal length of 18:6 cm. Its 
eye-piece is of focal length 0'64 metre, Its weight is 
about 23 quintals. Its magnifying power is about 300. 

7.5 DISPERSION OF LIGHT BY A PRISM 
(The splitting of white light ) : 


Take a prism or a lens ; hold it close to your eye 
and use it to view objects in the room. You will find 
that the edges of the various objects appear to be of 
several colours. This will be seen most easily through 
a glass prism. 


Sir Isaac Newton was the first to investigate the 
effect. Sometime in 1666 Newton darkened his room 
at Trinity College, Cambridge, and allowed a beam 
of sunlight to pass through a small, circular hole in 
the shutter of his room, forming a white, circular 

patch on the opposite wall. He then placed a trian- 
gular glass prism in the path of the beam of light. He 
found, firstly, that the white spot on the wall had 
changed its position and, secondly, the light was no 


longer white but coloured. 

Newton examined the colours very carefully and 
could make out the seven colours of the rainbow:red, 
orange, yellow, green, blue, indigo and violet, in that 
order. But there was no clear distinct line between 
one colour and the other. This coloured band he 
called a spectrum. 


Now try to produce a spectrum yourself. 


Experiment. To produce a spectrum of white 
light. 

Requirements. The ray apparatus producing 
white light, triangular glass prism, white screen. 


Procedure. Let a narrow beam of white light 
from the ray apparatus strike the prism and allow the 
beam that comes out of the prism to strike the white 
screen. Examine what appears on the screen (Fig. 
7.38). 


On the screen, instead of white light which you 
would see at A in the absence of the prism, you should 
now see coloured light at B. If you look carefully you 
will be able to make out the seven colours of the 
rainbow in the order given above. You will not be 
able to see each colour standing separately, as they 
all run into one another, 

Explanation. The prism is able to split white 
light into its seven colours because the glass can bend 
the different colours by different amounts so that on 
coming out of the prism they come out separately at 
different angles (Fig. 7.38). The colour violet is bent 
the most, while the red is bent least. 

This splitting of white light into various 
colours is known as dispersion and the colours 

obtained on the screen form the spectrum of white 
light. 

Pure spectrum. It has been said above that the 
spectrum consists of colours which run into one 
another, i.e., they overlap. The spectrum as formed 
above is therefore not pure. By combining the prism 
with two lenses, it is possible to produce a pure 
spectrum in which each colour is distinct from the 
other, Fig.7.39 shows how this is done. The slit 
through which the light originates must be narrow, 
and the prism must be placed in a special position. 
You will learn more about this in the higher classes, 


Newton: wanted to know if each colour could be 
split further, and so he made a tiny hole in the screen 
to let out each colour of the spectrum on to another 


WHITE LIGHT 


CONVEX LENS 


Fig. 7.38 


Fig. 7.39 


COLOURED BAND OF RAYS 


Fig. 7.40 
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CONVEX LENS 


WHITE LIGHT 


prism. But he discovered that there was no further 
split, and therefore concluded that the seven colours 
were pure colours. 


7.6 COMBINATION OF COLOURS TO GET 
WHITE LIGHT : 


Just as white light can be split into its component 
colours, so these colours can be recombined to give 
white light. The following two methods may be used 
for this : 


1. By placing a similar prism in the path of the 
split colours but in a direction opposite to the first 
prism, as in (Fig. 7.40). Note that the two prisms 
combined behave as the ordinary glass block and the 
emergent white beam is parallel to the incident white 
beam. 


2. By using Newton's Disc. Newton's disc is a 
circular piece of cardboard on which are painted the 
seven colours of the spectrum in their correct propor- 
tion. When the disc is rotated rapidly the colours will 
merge together to give a white colour if pure spectral 
colours are used (See Fig. 7.41). This is because our 
eyes possess a property known as persistence or 
duration of vision ; the light from one colour forms 
an image which persists on the retina until each of. 
the other colours in turn has been reflected to the 
eye. Thus, in effect, we see all of them at once, and 
they blend together to give a white effect. Because 
certain colours fade rapidly, it may not be possible to 

get a pure white effect. 


Rainbows are formed in the same way as the 
Spectrum is formed by a glass prism. They are formed 
not by glass buy by tiny drops of water suspended in 


Fig. 7.41 Newton's dise 
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the sky soon after rainfall. The white beam of light 
comes from the sun and passes through these spheri- 
cal transparent water drops. On coming out of the 
drops, the white beam is split into the seven colours 
of the rainbow. 


7-7 COLOUR OF OPAQUE OBJECTS 
Try the following experiment. 


Experiment. To study the colour of objects as 
seen by light from the various parts of the spectrum 
of white light. 


Requirements. Same as for Experiment to 


produce spectrum of white light ribbons of different 
colours. 


Procedure. Obtain a pure spectrum of white 
light and hold all the ribbons in turn in each of the 
different colours of the spectrum. Note the colour of 
the ribbon as seen in each colour of the spectrum. 


Record your observation in the following man- 
ner: 


Colour in 


Colour of ribbon in daylight 
Spectrum 


E 


Orange 
Yellow 


The table should show that a red ribbon appears 
red in the red portion of the spectrum and black in all 
others, and a white ribbon appears red in the red 
porüon, blue in the blue portion, yellow in the 
yellow portion and so on. 


Explanation. Every object is. seen by the light it 
reflects to the eyes. The fact that a ribbon appears red 
in white and in red light but black in all other colours 
shows that the ribbon can only reflect red light while 
it absorbs all other colours. When white light falls on 
it, it reflects the red portion and absorbs all others ; 
when red light falls on it, it reflects the red, and when 


any other colour falis on it, it absorbs ali the colour. 


Red, blue and green colours, known as the 
primary colours, will reflect only their own colours ; 
that is, a red object will reflect red light, a blue one 
will reflect blue and a green one will reflect green. 
All other colours will reflect their own colours with 
one or two others. For instance, the yellow ribbon 
appears yellow in the yellow portion of the spectrum 
but also appears red in the red and orange in the 
orange portion. This means that the yellow ribbon, 
apart from reflecting yellow light, is also able to 
reflect red and orange. 


The experiment explains the colour of opaque 
objects. The colour of an opaque object depends on 
the colour thatis reflected by it. This in turn depends 
on the colour or wavelength of the light incident on 
it. The yellow costume put on by an actor on the Stage 
suddenly turns green when green light shines on it 
andred when red light falls on it, while a red costume 
suddenly turns black when green light shines on it. 
The colour generally ascribed to an Object is the 
colour it presents when white light falls on it, that is, 
in daylight. For example, we Say a book cover is red 
because it appears red in daylight. 


You will have had the sad experience of buying 
8 dress or a shirt which appears very beautiful in 
artificial daylight from the lamps inside the shop and 
turns out to be some other colour on coming out of 
the shop. 


Coal appears black in all colours, because it 
cannot reflect any colour ; it absorbs all of them. 


7.8. COLOUR OF TRANSPARENT OB- 
JECTS: 


Try the following experiment : 
Experiment: To study the colour of transparent 


Red Book Yellow dress 
ilter 


Green bottle Pink wall _|Brown table Coal 


objects as seen by light from the various parts of t. 
spectrum of white light. 


Requirements. Same as for Experiment | 
produce spectrum of white light:coloured filte 
(glass or plastic). 


Procedure (a) Obtain a pure spectrum of whi! 
light on a white screen. Hold each filter between th 
prism and the screen. Note the colours that remain o 
the screen. 


Record your observation in the following man 
ner: 


Colour of Filter 


Colours seen on the Screen 


You will notice that each of the filters allows its 
own colour to pass through. In particular, the red 
green and blue (the primary colours) allow only thei 
Own respective colours to pass, while each of the 
other allows one, two or even three other colours tc 
pass along with their own colour. For instance, the 
orange filter will allow red, orange, yellow and greer 
to pass through it. 


(b) Hold each coloured filter close to your eye 
and use it to view the different coloured Objects yoi 
can find around you : e.g., Clothes, books and walls 


Record your observation in the following table 
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You will notice from the above table that the red 
book appears red when viewed through the red filter, 
but black when viewed through any other filters. Also 
the yellow dress appears yellow through the yellow 
filter, but, in addition, appears red through the red 
filter and orange through the orange filter. The green 
bottle also appears green through a green filter and 

the blue dress blue through a blue filter. Only the red, 
the green and the blue filters will give this result 


while all other colours will give results similar to _ 


those of the yellow one. 


Explanation : The colour of transparent objects 
depends on the colour or wavelength of the light 
which they allow to pass through them (i.e., which 
they transmit). A green glass is green because it 
allows green light to pass through it and absorbs all 
other colours. If placed in yellow light it will appear 
black, as it does not allow yellow light to pass 
through it, i.e., it absorbs it, 


Red, green and blue filters transmit only their 
own colours and absorb all others, whereas other 
coloured filters transmit their own colours and one or 
two other colours. 


79. MIXING OF COLOURED LIGHTS 


We have seen that all the visible frequencies 
mixed together produce white. Interestingly enough, 
the perception of white also results from the com- 
bination of only red, green, and blue light. If we 
project these three colours on a screen, overlapping 
each other, their colours will add to produce white 
(Fig 7.42). 


) 


When the beams of light reflect off a white 
screen, a light seen is an additive mixture because the 
lights are added together before the observer sees 
them. If two of the three colours are added, then 
another colour will be produced (Fig 7.43). By ad- 
ding various amounts of red, green and blue, the 
colours to which each of our three types of cones are 
sensitive, we can produce any colour in the spectrum. 
For this reason, red, green and blue are called the 
primary colours or additive primary colours. 


(Different colours by overlapping of red, greens 
and blue lights) 3 
Fig. 7.43 


All the rules of colour addition and subtraction 
can be deduced from the overlapping circles in Fig. 
7.43. The additive primaries are the red, green and 
blue circles, and the subtractive primaries (or 
secondary colours) are located where the primary 
circles overlap. Subtractive primaries (or secondary 


Fig. 742 


colours) are produced by mixing two additive 
primary colours. For example : 


Red + Blue = Magenta 
Red + Green = Yeliow 
Blue + Green = Cyan (or peacock blue) 


Magenta, Yellow and Cyan are called subtrac- 
tive primaries-or secondary colours. 


Notice that when an additive primary and its 
opposite subtractive primary combine additively 
e.g., green with magenta, they produce white. From 
the figure we can see that blue plus yellow produces 
white ; red plus cyan does also. Any two colours that 
add together to produce white are called com- 
plementary colours. 


Green + Magenta = White 
Complementary 
colours Blue+ Yellow = White 
Red + Cyan = White 
710. HOW DO WE SEE COLOURS ? 


(Colour Sensory Cells in the Eye—Rods and 
Cones ; Colour blindness.) 


The retina is composed of tiny antennae (light 
sensitive cells) that resonate to the incoming light. 
There are basically two kinds of antennae, the rods 
and the cones. As the names imply some of the 
antennae are rod-shaped and some cone-shaped. 
There are three types of cones : those that are stimu- 
lated by low-frequency light, those stimulated by 
intermediate frequencies, and those stimulated by 
higher-frequency visible light. The rods predominate 
toward the periphery of the retina, while the three 
types of cones are denser towards the yellow spot 
(fovea). The cones are very dense in the fovea itself 
and since they are packed so tightly, they are much 
finer or narrower than elsewhere in the retina. Colour 
vision is possible because of the cones. Hence we see 
colour most acutely by focussing an image on the 
yellow spot (fovea), where there are no rods. In the 
human eye, the number of cones decreases as we 
move away from the fovea. It is interesting that the 
colour of an object disappears if viewed on the 
periphery of vision. This can be tested by having a 
friend enter your periphery of vision with some 
brightly coloured objects. You will find that you can 
see the objects before you can see what colour they 
are. 


Another distinguishing feature of the rods and 
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cones is the intensity of light (i.e., degree of bright- 
ness and darkness) to which they respond. The cones 
require more energy before they will "fire" an im- 
pulse through the nervous system. If the intensity of 
light is very low, the things we see have no colour. 
We see low intensities with our rods. Dark- 

adapted vision is almost entirely due to the rods, 

while vision in bright light is due to the cones. Stars, 

for example, look white to us. Yet most stars are 

actually brightly coloured. A time exposure of the 

stars with a camera reveals reds and red-oranges for 

the " cooler" stars and blues and blue-violets for the 

"hotter" stars. The star-light is too weak, however, to 

fire the colour perceiving cones in the retina. So we 

see the stars with our rods and perceive them as white 

or, at best, as only faintly coloured. Females have a 

slightly lower threshold of firing for the cones, how- 

ever, and can see a bit more colour than males. So if” 
she says she sees coloured stars and he says she does 

not, she is probably right ! 


The sensitivity of the rods decreases in bright 
light. We find that the rods "see" better toward the 
blue end of the colour spectrum than the cones, The 
cones can see a deep red where the rods see no light 
atall. Red light may as well be black as far as the rods 
can tell. Thus, if you have two coloured objects — say, 
blue and red— the blue will appear much brighter than 
the red in dim light, though the red might be much 
brighter than the blue in bright light. The effect is 
quite interesting. Try this : In a dark room, find a 
magazine or something that has colours, and, before 
you know for sure what the colours are, judge the 
lighter and darker areas, Then carry the magazine 
into the light. You should see a remarkable shift 
betwen the brightest and dimmer colours. 


Colour-deficiency : 


Colour is not in the world around you ; colour is 
in your head. The world around you is filled with 
electromagnetic waves that stimulate the sensation of 
colour when the vibrations (electromagnetic waves) 
interact with the cone-shaped receiving antennae in 
the retina of your eye. Some people have difficulties 
in seeing colour, mainly due to cones that are either 
missing or malfunctioning. These people are said to 
be colour blind or colour deficient. When they 
match colours, the match-ups do not correspond to 
the choices most people make. Although the colours 
they see are different from what most of us see, they 
do see colour ; that is why the term coleur-blindness 
isno longer used. Very few people are totally colour- 
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deficient, or colour-blind but about 10 percent of the 
population has difficulty of some-kind in seeing 
colours. Colour deficiency or Colour-blindness oc- 
curs by inheritance i.e., it is a genetic disorder that 
cannot be cured as of to-day. Colour-deficiency is not 
usually an all-or-nothing thing. There are many 
people who actually can see all the colours and who 
need three hues to match the spectrum but who need 
abnormal amounts of one of the hues. A person who 
is green-weak sees the spring grass as being a grayish 
green, but at least is able to perceive green as a 
distinct colour. A person who is red-green blind, 
however, cannot distinguish green at all, no matter 


how intense the source is. 


John Dalton, founder of the atomic theory, was 
colour-blind and could not distinguish even between 
primary colours. 


Animals differ in their colour perception. The 
bee has retinal cone cells that enable it to see colours 
beyond indigo and violet namely ultraviolet. We 
human beings are ultraviolet blind. The chicken eye 
retina has mostly cones and very few rod-shaped 
cells. The chicken, therefore, needs bright light to 
see ; that is why it wakes up with the sun, and roosts 
by sundown. 


SOLVED EXAMPLES 


Use of Mirror Formula : 


The following points will help the students in the 
solution of numerical problems based on mirror for- 
mula: 


(i) Draw a rough diagram. 
(ii) Remember the general mirror formula 
1 1 1 
u k yf: 
(iii) Put the numerical values of u, v and f with 
proper sign. 
(iv) Do not assign any sign to the unknown 
quantity which comes as a result of solution. 


(v) The linear magnification is negative for a real 
image which is inverted and downward and positive 
for virtual and erect image. 


Example 1: 


The focal length of a concave mirror is 15 cm. If 
the object is placed at a distance of 20 cm from the 
pole of the mirror, where will the image be formed ? 


Draw the ray diagram to show the formation of the 
image. 


Solution, 
uz-20cm 
ys 
f=-15cm 
Now EN 1 
uo» f 
NEAN T. 
é29 oF 15 
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alee ade 
v 15-20; 
ides 
~ 60 
y 2— 60 cm. 


The image is formed 60 cm away from the vertex 
towards the object side. 


OBJECT 
A 


Fig. 7.44 
Example 2. 


An object is at a distance of 10 cm from the pole 
ofa mirror, and the image of the Objectis ata distance 
of 30 cm from the mirror on the same side as the 


object. Is the mirror concave or convex ? What is its 
focal length ? 


Solution : 
u-—10cm 
y z—30cm 
Fp =? 


LOIR E 
Now FORET 
Lo que el. 
101203052. 
or -f2t 
30 f 

or jeu -T5 cm 


Since the focal length is negative, therefore the 
mirror is concave one. 


Example 3. 
A concave mirror of radius of curvature 12 cm 
forms a real image > times the size of a given object. 


Find the relative positions of the mirror, object and 
image. With the same mirror and object, can any other 
position be obtained to give an image of the same size 
as before ? 


Solution : 
Radius of curvature = R =- 12 cm 
f=-6cm 
usl 
v=? 
Size of the image =/=3 
Size of the object = O = 2 


vent 
fm?) 
Ec (when the image is real) 
"IS 
or v-2u 
"inpr 
q^ gane 
an NT (ici itis a concave mirror) 
u 3u -6 
NE 
or EG 
or 3u = —30 
or u=-10cm 
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3 


3 
and v= 2" =-10x 5 =-15¢em 


Second Position. We suppose that the image is 
virtual. 


For a virtual image = —- = CV 


2 2 
Again, 
iie 
13:2: 00D 
u 3u 6 
er D M 
3u 6 
or 3u=-6 
u--2cm 
Hence v=3cm 


This would give a virtual image of the same size 
as in the first case. 


Example 4. 


The image formed by a convex mirror of focal 
length 30 cm is a quarter of the object. What is 
distance of the object from the mirror. 


Solution.: 
f=+30cm 
u=? 
v=? 

Size of the image - 7 = 1 

Size of the object = O = 4 


uus n 

uM 

UNE Y 

um TA 

or ys 
(04 

Jg dee 

uy ae 

PLY age als 

Bee wef 


x |b 
sl- 


u=—90 cm. 


Hence the object is 90 cm from the vertex of the 
convex mirror. 


Example 5. 


An object 6 cm long is placed 1 metre in front of 
a concave mirror of 10 cm focal length. Find the 
nature and the size of the image. 


Solution : 
u= 1 metre =— 100 cm 
wey 
f=-10cm 

Size of the object = O = 6 cm 

Size of the image = 1 =? 


oet 
DNI BAS 
JU NUN ARE 
-100 v  -10 
dors e lr als 
95 vy 10 100 
-100 _ ik 
v= 9 = -lig cm 


Since v is negative, therefore the image is real 
and inverted. 


Now i = x where J = Size of the image 


and O = Size of the object. 


100 
9 
-I 
5 100 
2530.37 82 
I= 9 X 100 * 67 3 om 
Example6,. + 


A candle is held 3 cm away from a concave 
mirror whose radius of curvature is 24 cm. Where is 


the image formed? What is the nature of the 
image ? 


Solution ; 


Here, Radius of curvature = R =- 24 cm 


u=-3cm 
1 5 Tli 
$ d yif 
T ICH 
9$ gm 
1 1 
(212 — C3) 
1 1 1 
cam a 
y 4 4 
RS Ms FE EEN 


Hence the magnitude of m is greater than unity. 
Hence the image is 4 cm behind the mirror. It is 
virtual, magnified and erect. 


Example 7. 


How far should one hold an object from a con- 
cave mirror of focal length 40 cm so as to get an 
image twice the size of the object ? 


Solution : 


Here, f=- 40 cm 


TSY. 1 h 
QV a 2 (for real and inverted image) 
v=2u 
ies Ela 
UNUS f 
Age els ceeds 
u ` 2u ^ -40 
IRENI. 
9t 2u ~~ 40 
For virtual and erect image 
Le EV 
(gc mg 
yz-2u 
Lanal cal 
mop EN 
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or 


Hence an object should be held at 60 cm from 
the vertex of the concave mirror for real and inverted 
image and at 20 cm from the concave mirror for 
virtual and erect image. 


Example 8. 


If a concave mirror of focal length 3 cm is held 
at a distance of 2 cm from a tooth, what is the 
magnification of the image ? 


Solution : 
Here, f =-3cm 


u -—2cm 


< 
Li 
S0 


ES 
i] 


Nie eye <I 3 


M 


Ta 
tl 


[ 
sl- EI 


<|— 
I 
l 
wie 
+ 
i] 


OBJECT 


Example 9. 


An object is at a distance of 5 m from a convex 
mirror of focal length 10 cm. Where is the image 
formed and what is its magnification ? Draw the ray 
diagram to show the formation of the image.See Fig 
7.45 for the ray diagram 
Solution : 

Here, u--5mz-500cm 


f» 10cm 


CONVEX 
MIRROR 


Fig 745 
Example 10. 


f y 6 23 
Magnification = m2- = — zl ev 


201 


An object is located 20 cm in front of a concave 


mirror of radius of curvature 50 cm. Where is the 
image formed and what is its nature ? Draw the Tay 
diagram to show the formation of the image. 
Solution : A 


Here, 
R=-50cm 
fot =—25em 
v=? 7 
Hp path wal 
Now u YE 
E KNEE 
270 dy NES 
1 m 
v 25 * 20 
telly 
~ 100 
v=100cm 


Hence the image is virtual and erect. 


Aa y 100 
Magnification = m = S4 E =5 
Thus the image is 100 cm behind the mirror, 

magnified five times and its is virtual and erect, 
Example 11. 
A thin lens has a focal length of — 25 cm. What 


is the power of the lens and what is its nature ? 
Solution : 


Power of a lens (in dioptres) 


1 
Sper BRL I. 
v focal length in metre 
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E OPRLO 
— focallength in cm. 


- = = -4 dioptres 
Itis a concave (or diverging) lens. 
Example 12. 


A convex lens of focal length 5 cm is used as a 
simple microscope. What is its magnifying power if 
the final image is at the distance of distinct vision (25 
cm) ? If itis used as eyepiece ina compound micro- 
Scope with objective of magnifying power 40, what 
is the magnifying power of the compound micro- 
scope ? 


Solution : 
Magnifying power of a simple microscope 

D 

=1+— 
ifi 
25 

=1+ 5 

=1+5=6 


Since, magnifying power of a compound micro- 
scope 


= magnifying power of the objective x magnify- 


ing power of the eyepiece 
or m-m,xm, 
=40x6 
= 240 


Example 13. 
A man whose least distance of distinct vision is 
25 cm uses a convex lens of 3 cm focal length as a 


magnifying glass, Find the magnification he ob- 
tains. 


Solution ; 
Here, D=25 cm andf=3 cm 
<. Magnifying power of the magnifying glass 


z14— 
Hr 
25 28 1 
drin n gae ts 
Example 14. 


The focal lengths of the object glass and eye lens 
of an astronomical telescope are 60 cm and 5 cm 
respectively. Find its magnifying power. 

Solution : 


Here, F — 60cm and f - 5 cm 


Magnifying power = i Iisdem 12. 
Example 15. 

Itis required to project a 3 cm square slide so as 
to give 30 cmsquare picture on a screen at a distance 
of 11 metre from the slide. What should be the focal 
length of the projecting lens you would use and where 
would you place it ? 

Solution :' 
Length of each side of the slide - O - 3cm 
Length of each side of the picture 


=/=30cm 
uty=llm . (i) 
POR AVE 
(0. m 
30 v ` 
| 3 -ü 
Or v=—10u . (ii) 
Putting (ii) in (i), we get 
-u-10uz1l 
u-c-lm +» (iii) 
Putting (iii) in (ii), we get, 
v=10m ~ (iv) 
lu Us ie rae 
NOW. mcus oai 
10 
fon 
Example 16. 


A student with defective eye-sight can see clear- 
ly nothing that is further from his eye than 50 cm. 
What is the number, kind and focal length of the 
correcting lens that will enable him to see easily and 
clearly distant object ? 


Solution: 
Here, Ue 
" yz-50cm 

Power of the lens =p=? 
heel wi 
IT Tn 
1 1 1 
f1-50 - 
f=-50cm 


Hence, power of the lens = p 


3 100 _ 100 

— focallengthincm ^ —50 

=-— 2 dioptres. 

Thus a concave lens of focal length 50 cm is 
required. Its power is — 2 dioptres. 
Example 17.- 

A long-sighted person whose nearest distance of 
distinct vision is 50 cm finds that this distance is 
reduced to 20 cm by using spectacles. Find the nature 


and focal length of the lens used. 
Solution : 
Here, u = -20 cm 
yz-50cm 
f=? 
pias See! 
(cw 
Vp ege 
T2825 5500887520 
1 1 
Bie Sie 
"i TAPD 
f 100 
or f= 1% = 33.33 cm. 


Thus a convex lens of focal length 33.33 cm is 
required. 


Example 18. 


An object 60 cm from a lens gives a virtual 
image at a distance of 2 cm infront of the lens. What 
is the focal length of the lens ? Is the lens converging 
or diverging ? Give reason for your answer. Draw 
the ray diagram to show the image formation. 


Solution : 
Here, u=-60cm 
yz-20cm 
Pee eae 
SPERA mI 
d e dea op 
f -0 C0) 


f=-30cm. 


Since the focal length of the lens is negative and 
it diverges the beam of light on refraction in order to 
give virtual image in front of the lens so the lens is 
diverging or concave and its focal length is 30 cm. 
For ray diagram see fig 7.47 


CONCAVE LENS 


Fig. 747 


Example 19. 


A convex lens has a focal length of 40.1m. Find 
the image distance when the object distance is (a) 0:5 
m ; (b) 008 m. Draw the ray diagram in each case to 
show the image formation, 


f«0.1ms10cm 


(Real) 


Fig. 7.48 (i) 


Solution : 
(a) Here, f=0.1m=10 cm 
u=-0.5m =-50 cm" 
yz? 


Using the thin lens formula 


dsl. ls 
SIRE 
pu 4.008 
y fav 
Abad e a Con 
v 10 50 25 
v= - 125m - 0.25 m. 


Note that v is positive, corresponding to a real 
image [Fig 7.48 (i)]. : 


(b) Here, f=01m=10cm 


u-—008m--—8cm 


Fig. 7.48 (ii) 


Using the thin lens formula 
dn Mcd 
VOS 
Ix: 
or TAE ES 
y rac 
T A EON iG 
VERSIO Sae 


v=- 40cm - - 04 m. 


Here v is negative, so the image is virtual [Fig 
748 (i)] 


SUMMARY " 


An image formed by rays of light actually passing through the image point is called a real image. Real images are 
inverted relative to the object and can be larger or smaller than the object. Real image can be obtained on a screen. 


Animage formed by raysof light which appear tohave diverged from theimage pointand do not actually pass through 
that point is called a virtual image. Virtual images cannot be projected on a screen. They are erect with respect to the 
object ; they can also be enlarged or reduced in size. 


Besides plane mirrors, we have mirrors which are curved. The laws of reflection hold for the curved mirrors also. 


Spherical mirrors, the surfaces of which are sections of spheres, are commonly used for special purposes. The size and 
position of the images formed are quite different from those of the images formed by plane mirrors. 


When the mirror is a portion of the polished outer surface of a sphere, it is said to be convex. The reflecting surface is 
curved towards the observer. 

When the mirror is a portion of the polished inner surface of a sphere, itis said to be concave. Here the reflecting surface 
is curved away from the observer. 


The centre of curvature is the centre of the sphere of which the mirror forms a part. 


The apertureis a measure of the portion of the sphere included by the mirror. Only a small section of the total surface 
of the sphere is used as the reflecting surface for clear image formation. 


The vertex (or the pole) is the centre of the mirror itself. 
The principal axis is the line drawn through the centre of curvature and the vertex. 
A secondary axis-is any other line drawn through the centre of curvature. 


A normal to the surface of a concave mirror is a radius drawn from a point of incidence. (The radius is perpendicular 
to the tangent to the surface drawn through the point of incidence). In a convex mirror,a normal is a radius produced 
or extended beyond the mirror. 


The point on the principal axis to which rays parallel to the principal axis converge (or from which they diverge) is 
known as the principal focus. The distance between the principal focus and the vertex is called the focal length of the 
mirror. ; 


Focallength of a spherical mirror is half its radius of curvature 


R 

faz 
Since incident rays diverge on being reflected, convex mirrors are nown as diverging mirrors. 
Graphical Method (concave mirror) ; 


We can construct the image formed by & concave mirror by locating the images of enough different points. Concave 
mirror images may be grouped into six cases. 


Case 1. Object at infinite distance. 

The image formed by a concave mirror is a point at the principal focus. 

Case 2. Object at finite distance beyond the centre of curvature, 

The image in this case is real, inverted, reduced and located between the centre of curvature and the principal focus. 
Case 3. Object at the centre of curvature. 

The imageis real, inverted, the same size as the object, and located at the centre of curvature. 

Case 4. Object between the centre of curvature and principal focus. 

The image is real, inverted, enlarged and located beyond the centre of curvature. 


Case 5. Object at principal focus. 


Theimageis rea], inverted, highly enlarged and lies at infinity. 


Case 6. Object between principal focus and mirror. 
Theimageis virtual, erect, enlarged and located behind the mirror. 
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10. 


11. 


12. 


13. 


14. 


15. 


In constructing ray diagrams for convex mirrors we proceed as for concave mirrors except that the four rays of 
importance are the following : 


G) Aray thatis parallel to the axis and which is reflected as if it came from the virtual principal focus of the mirror, 
Gi) Aray that is heading toward the virtual principal focus and which is reflected Parallel to the Principal axis (by 
the principal of reversibility of Tays). E 
(ii) Aray thatis heading toward the vertex of the mirror and which is reflected so that the angle of reflection with 
Tespect to the principal axis is equal to the angle of incidence. 
Gv) Aray thatis heading toward the centre of curvature of the mirror and which is reflected directly back on itself, 


These four rays enable the image of any point on an object to be located for a convex mirror. Ina convex mirror, all 
images are virtual, erect, smaller than the object and located behind the mirror betwen the vertex and the principal 
focus. The size of the image increases as the object moves closer to the mirror, but it can never become as large as the 
object itself. 


Asimple relationship exists between the distanceofan object (u) from a curved mirror, the distance of its image (v) and 
the focal length (f) of the mirror. This relationship, known as the mirror equation is as follows : 
es aT 
uo f 
The mirror equation is applicable to all concave and convex mirrors. 
The image of an object formed by aspherical mirrorcan be larger or smaller than the ob; 


ject. It may be inverted or erect, 
real or virtual. It depends upon the Position of the object relative to the mirror and nature of the spherical mirror 
employed. 


Lateral magnification is the ratio of the height of the image to that of the object. 


DIN IO 
(0. p, 
The magnitude of m can be greater or less than unity depending upon the values of u and v. 


m= 


A lens is a piece of transparent material, usually glass, bounded by two spherical surfaces, Essentially, 
types of lenses : 


G) Convex lenses which are thicker at the centre than at the edges, and 
(i) Concave lenses which are thinner at the centre than at the edges. 


there are two 


The convex lens converges a parallel beam of light on refraction and is, therefore, 


also known as a converging lens, On 
the other hand, a concave lens diverges a parallel beam of light on refraction and is, therefore, also called a diverging 
lens. 


Convex lens : 


x e lens than the focus, When the object is 
virtual and magnified imageis obtained [magnifying glass], 
(i) hasa virtual focus, 


Gi) produces an erect, virtual and diminished image of an object, and 
Gi)  avirtual Object may produce a real image. 


(i) New Cartesian sign convention i 


(ii) Fora convex lens ; fis + 


For a concave lens; f is... 


(iii) The linear magnification, m = 2 z 


=^=1-Z 


u 
The focal length of a lens depends upon the refractive i 
index of 
of the two surfaces, More the curvature, shorter the focal ge ei 
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erial from which it is made and the curvatures 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Power (p) of a lens is the reciprocal of its focal length (f) 
1 


Pu f 
If the focal length (f) is measured in metres, the power of the lensis in dioptres. 


If we takea numberof thin lenses and place them in the close contact, then the power of the combination pis the algebraic 
sum of powers of the individual lenses, i.e., 
PoP ee bases ance 

The eye. This contains (i) a crystalline lens, (ii) ciliary muscles which control the radii of the lens surfaces and hence’ 
the focal length, (iii) the retina, a sensitive "screen" at the back of the eyeball, covered with nerves linked to the optic 
nerve. The iris of the eye is a diaphragm with a circular (black) hole in the middle called the pupil ; the colour of an eye 
is the colour of the iris. The aqueous humour is a weak salt solution in front of the lens ; the vitreous humour is a 
gelatinous substance between the lens and retina. The cornea is the tough transparent spherical bulge in front of the 


lens. 

The use of two eyes gives a three-dimensional view, bringing with it a sense of distance. 

Far and Near Points : Accommodation. A person with normal vision can see clearly objects a very long way off. The far 
point of a normal eye is thus " infinity". 

The nearest point which the eye can see distinctly is about 25 cm for normal vision. The distance concerned, D, is called 
the least distance of distinct vision of the eye. 

With normal vision, the eye is fully relaxed or "unaccommodated" when viewing objects at infinity. When the object is 
at the least distance of distinct vision and is focused by the eye, the ciliary muscles are fully strained and the eye is said 
to be "fully accommodated". 

Myopia or Shortsightedness : In this defect the far point is near the eye, and rays from infinity now come to a focus in 
front of the retina. 


Correction is made by a diverging lens, whose focal length is equal to the distance of the far point from the eye. 


Hypermetropia or Far sightedness. In this defect of vision, the far point of the eye is normal but the near point is further 
from the eye than 25 cm. 


Correction is made by a suitable converging lens. 


A microscope magnifies the image of an object enabling us to study its details which are too small to be seen by naked 


eyes. 
Linear magnification (m) of a simple microscope or magnifying glass is given by 
D 25 
m=1+>=1+— 
f f 


where D is numerically the least distance of distint vision and fis the focal length. 
Compound microscope. This has two converging lenses, both of short focal length. In using the instrument. 


(i) the object is placed slightly further from the objective than its focal length ; 

Gi). the real image formed is viewed through the eye piece, acting asa magnifying glass. The magnifying power or 
magnification m= m objective Xm eye piece. It is the product of magnifying powers of the objective and the eye piece, 
m - LD/F f where L is the length of the tube; F is the focal length of the objective; f is the focal length of the eye 


piece and D is the distance of distinct vision. 
Astronomical Telescope. It is a device for viewing distant objects. It consists of two converging lenses. The one which 
receives the light from the object is called the objective, the other lens through which we view the object is called the 


eyepiece, 
When the final image is at infinity, the telescope is said technically to be in normal adjustment, 


The magnifying power of the telescope, in normal adjustment, is given as 


Me Focal length of the objective _ F 
= Focal length of the eye piece f 

The distance between the lenses =F + f. 

Astronomical telescope. Final image at near point. The final image is now virtual and distant D from the eye piece ; the 

image produced by the objective is thus nearer to the eye piece than its focal length. 


Thesplitting of a beam of white light into different components when it passes through a transparent medium, such as 
a glass prism, is called dispersion of light. The refractive index of a given material depends on the spectral colour of light, 
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25. Rainbow isa display of colours that occurs just after rain when the sun is shining. There are innumerable tiny droplets 
of water in the atmosphere and each of these split the sunlight into its spectrum which forms a rainbow. 

26. An opaque object reflects certain colours and absorbs therest. A red rose in the day time appears red because it reflects 
red light and absorbs other colours. 


Similarly, the colour of light in which we view an object also affects the colour of that object. For example, a red rose 
when illuminated by blue light would appear black as there is no red light to be reflected by the rose. 


27. Red, blue and green are the three primary colours. All other colours are secondary colours (or subtractive primaries) because 
they can be obtained by mixing two or all the three primary colours in proper proportion. 


Any two colours that add together to produce white are called complementary colours. 


28. The retina of the eye has a large number of cone-shaped and rod-shaped cells. Only the cone-shaped cells are sensitive to 
lights of different colours. We see low intensities with rod-shaped cells. 


Some people donot prossess some cone cells that respond to certain colours. This defect occurs by inheritance i.e, it is a 
genetic disorder that cannot be cured as of to-day. These people are said to be colour-blind. They can see well otherwise; 
their only problem is the lack of ability to distinguish colours. 


QUESTIONS 
[A] Objective Type Questions 


1. An object is 30 cm from a concave spherical mirror whose focal length is -20 cm. The image is 
(a) virtual and enlarged 
(b) virtual and reduced in size 
(c)  realand reduced in size 
(d) real and enlarged. 


2. The radius of curvature of the mirror in Q. (1) is ... 


3. Which mirror has a wider field of view : 
(a) concave mirror ; 
(b) convex mirror 
(c) plane mirror. 
4. An image formed by a convex mirror is always 
(a) virtual, erect and diminished 
(b) virtual, real and magnified 
(c) real, inverted and diminished 
(d) real, erect and magnified. 
5. The image formed by a concave mirror is seen to be virtual, erect and larger than the object. The 


position of the object must then be 
(a) betwen the mirror and its focus 


(b) between the focus and the centre of curvature. 
(c) atthe centre of curvature 
(d) beyond the centre of curvature. 


6. In the case of a concave mirror, match the items in Column B against the items in Column A 
Column A 


Column B Column A 


Column B 


(Position of object) (Position of image) (e) AtF ( 
(a) |Ver far away Very far away v) ME 
(b |AtC pobres E and the () Eee. (vi) Beyond C on the 


same side as the 

object. 
(vii) On the other side 
of the mirror i.e., 

| behind 


vertex 
At C 


Between F and the |(iii) 
vertex 


Between F and C|(iv) 


Between F and C 


208 


10, 


13, 


14. 


Where should an object be placed so that a real and inverted image of the same size is obtained, 
using a convex lens ? 
(a) Between the lens and its focus. 


(b) At the focus. 
(c) At twice the focal length 


(d) Atinfinity. 

The human eye forms the image of an object at its 
(a) cornea 

(b) Iris 

(c) pupil 

(d) retina. 


The change in focal length of an eye lens to focus the image of objects at varying distances is 
done by the action of the 


(à pupil. 
(b) cilliary muscles. 
(c) . retina. 


(d) blind spot. 


The beams of light, one red, and the other green fall on athe same spot on white screen. The colour 
on the screen will appear to be 
(a) magenta 


(b) blue 

(c cyan 

(d) yellow. 

(Choose the correct answer). 


A red apple and a blue flower on a green stalk are placed in a dark room and then illuminated 
with light coming from a yellow filter. The appearance of the articles will be 


apple flower stalk 
yellow yellow yellow 
black green blue 
green blue red 
red black green 
blue red black 


A person with defective vision can only accommodate over the range of 20 cm to 400 cm from 
his eyes. This person is suffering from 
(a) myopia (short sight) 


(b  hypermetropia (long sight) 


(©  acombination of myopia and hypermetropia 

(d) lackof accommodating power 

(oy mort suitable correcting lenses for the person in Q. (12) would have a power, in dioptres 
m ) of 

(à) -400 

©) -025 

() +0.25 

(d) +100 

(e) +400 


A long-sighted person cannot see clearly objects nearer to his eye than 50 cm. 
read a book 25 cm away, he should use spectacle leñses whose power in diop 
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To enable him to 
tres (m`?), is ` 


15: 


16. 


17. 


C Et 
(Q -2 
( +2 
f +4 
Assertion Reason 
A short-sighted person his unaided eye tends to form an 
white far pomt is50 E from because image of a distant object behind 
his eyes needs a diverging the retina. 
spectacle lens of focal length 
50 cm. 
Answer 


(a) if both assertion and reason are true statements and the reason is a correct explanation of the 
assertion. 

(b) if both assertion and reason are true statements but the reason is not a correct explanation of the 
assertion. 

(c) ifthe assertion is true but the reason is a false statement 


(d) if the assertion is false but the reason is a true statement 
(e) if both assertion and reason are false statements. 


Convex lenses always 

(a) have two spherical surfaces 

(b) are thinner in the middle than at the edges 

(c) are thicker in the middle than at the edges. 

An object is more than one focal length away from a converging lens. As the distance of the 


object from the lens increases the distance of the image from the lens 
(a) increases 


(b) decreases 

(c remains the same. 

In question (17), the size of the image 

(a) increases 

(b) decreases 

(c) remains the same. 

When a person uses a convex lens as a simple magnifying glass, the object must be placed at a 


distance from the lens of 
(a) alittle less than one focal length 


(0) alittle more than one focal length 
(c) alittle less than two focal lengths 
(d) alittle more than two focal lengths ` 


The image produced by a concave lens is 


(a) always virtual and enlarged 
(b) always virtual and reduced in size 
(c) always real 
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2i: 


23. 


24. 


26. 


27. 
28. 


29. 
30. 


(d) sometimes real, sometimes virtual. 


Real images formed by single convex lenses are always 
(a) onthe same side of the lens as the object 
(b) inverted 
(c) erect 
(d) - smaller than the object. 
A virtual image is formed by 
(à) aslide projector in a cinema hall 
(b) the ordinary camera 
(c)  asimplemicroscope. 
A convex lens produces a virtual image. The distance of the object from the lens 
(à) must be less than one focal length 
(b) may be more than two focal lengths 


(c) may be between one and two focal lengths 
(d) must be two focal lengths. 


An object is placed 12 cm from a convex lens whose focal length is 10 cm. The image must be 
(à) virtual and enlarged 

(b virtual and reduced in size 

(© _ real and reduced in size 

(d) real and enlarged. 


An object is placed 20 cm from a concave lens whose focal length is 10 cm. The image must be 
(à) virtual and enlarged 

(6) virtual and reduced in size 

(©)  realand reduced in size 

(d) real and enlarged. 


An object is placed 25 cm from a convex lens whose focal length is 10 cm. The image distance 
scm cm. 


If the object in Q. (26) is 4 cm tall, the height of the image is .... 


. cm. 


The distance of an image from a convex lens is the same as that of the object. The distance of 
the object from the lens 
(à)... must be less than one focal length 


(b maybe more than two focal lengths 
(c) may be between one and two focal lengths 
(d) must be two focal lengths. 


The pupil in the eye corresponds to the ...... in the camera. 


A camera is used to photograph a distant object. If the focal length of the lens is ‘f’ then the distance of 
the film from the lens should be 
(a) slightly more than 2f 


(b) slightly less than 2f 
(© slightly more than f 
(d) slightly less than f 
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31. 


32. 


33. 


34. 


OER 


^ p 


S: a oa 


10. 
11. 


The distance of distinct vision for a normal eye is 


(a) 25cm 
(D 25m 
(c)  025cm 
(d) 25cm. 


A convex lens has a focal length of 20 cm. Its power in dioptres is 
(a) 2 


€) 5 
() 05 
(d) 02. 


Myopia is corrected by using 
(a  aconvexlens > 
(b) aconcave lens 

(c)  aplane mirror 

(d) a convex mirror 

(e)  aconcave mirror, 


The objective of a compound microscope is a 
(a) Convex lens with large aperture and large focal length than eye-piece 


(b) Convex lens with a small aperture and small focal length than eye-piece 
(c) Convex lens with a small aperture and large focal length than eye-piece. 


The power of a lens is -5D, its focal length is 


(a) 20m 
(b -02m 
(c) 200m 
(d 5m. 
Very Short Answer Questions : 


What is a convex lens ? 


Does a concave lens produce the same type of image as a convex lens ? 


What happens to a ray of light when it passes through the optical centre of a lens ? 
What type of image is formed by a converging lens when the object lies between principal focus 


and the optical centre of the lens ? 
What is the nature of the image formed by a diverging lens ? 


What is power of a lens ? 

What is the power of a glass plate ? 

What is the position of near point for a normal eye ? 
What is the position of far point for a normal eye ? 


What is the expression for the magnifying power of a simple microscope ? 


An optician has lenses of power 


32, 


X=+5D 
Y=-5D 
=- 05D. 
Which one has maximum focal length ? 


An old woman is advised to use lenses of power + 25D. What defect of vision is she suffering 
from ? \ 


A 12 year old boy is enable to see a tree beyond a distance of 400 cm, but can see the nearby 
objects very well. What is this defect of vision called ? What is his far point ? 


Does light travel faster in air or in water ? 
Define dispersion of white light. 

What is spectrum of white light ? 

What will a red flower look like in yellow light ? 
Does light travel in vacuum ? (Hint. : Yes] 

Is light an electromagnetic wave ? (Hint : Yes) 


Power of Ist lens is 4 dioptres and that of the 2nd lens is -10 dioptres. What is the power 
of the combination ? 


Out of two convex lenses of focal length 100 cm and 15 cm which one will you prefer for usin 
as a simple microscope ? (Hint. : One of f = 15 cm] [ A.LS.S. 1987] 


D 


What type of image is formed by a convex mirror ? 


What type of image is formed by a concave mirror when the object lies between the principal 
focus and the pole of the mirror ? 


What is the relationship between the focal length and the radius of curvature of a spherical mirror ? 
What is the radius of curvature of a plane mirror ? 
What is the focal length of a concave mirror of -30 cm radius of curvature ? 


A concave mirror of —20 cm focal length forms an image of the same size as the object, what is 
the position of the object ? 


Can a converging lens form a virtual image smaller than the size of the object ? 
Can a diverging lens form a virtual, magnified image of an object ? 

Name two optical instruments that make use of convex lenses. 

What is the type of lens used to correct myopia or shortsightedness ? 


What is the type of lens used to correct hypermetropia or longsightedness ? 


Short Answer Type and Essay Type Questions 


1. 


(a) What is a spherical mirror ? : 
(b  Distinguish between a concave mirror and a convex mirror. 
(c) How can you tell the difference between a concave and a convex mirror by looking at your face in 
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each ? 
2. (@) Define; Principal axis ; pofle ; principal focus ; centre of curvature ;focal length ofa spherical 
mirror giving diagram. 
(b — Whatisthe relationship between radius of curvature and focal length of a spherical mirror ? 


3. Describe how a concave mirror can be used (a) to burn a piece of tissue paper, (b) to send 
out a parallel beam of light. 


4. Use diagrams to show why concave mirrors are called converging mirrors while convex mirrors 
are called diverging mirrors. 
5. Describe the series of images formed by (a) a concave mirror, (b) a convex mirror, as the mirror 
is moved from a position near the face to about 100 cm away. 
6. (a) Mention the various uses of spherical mirrors. 
(b) What advantages, as a driver's mirror, does a convex mirror have over a plané mirror ? 
: [A.LS.S.E. 1979, 1986] 
7. (a) Whatis magnification produced by a spherical mirror ? 
(b) What changes would you observe in your image as you move nearer to (a) a plane mirror, (b.a 
concave mirror, (c) a convex mirror ? i 
8. (a) Why do the images of trees appear to be inverted in water by the river-side ? 
(b) For what purpose does a surgeon use a concave mirror ? 
(c) Where should an object be placed infront of a concave mirror to obtain its magnified erect image? 


n ; A.LS.S.E. 1 
9. You are given three mirrors of equal size one concave, one convex and one plates How "ied 


identify them without touching their surface ? 


10. Using a concave mirror, a screen and a measuring scale in broad day light, how will you find 
the height of a tree ? 
Hints : 


CONCAVE 
MIRROR 


Fig. 749 


Size of the image ae 
Size of the object ~ O 


(a) Construct a ray diagram to show the formation of an image by a convex mirror. 
(b Describe fully the image that is formed. 


11. 


12. What kind of mirror produces (a) a short, fattened image ; (b) a tall, thin image ? 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


24. 


What kinds of mirrors could be used and where should the object be placed to produce 

(a)  anenlarged real image 1 

(b  areduced real image 

(c areal image, the same size as the object 

(d) anenlarged virtual image 

(e)  areduced virtual image? 

Construct a ray diagram to show the formation of an image by a concave mirror when the object 
is at a finite distance beyond the centre of curvature. Describe fully the image that is formed. 


Construct a ray diagram to show the formation of an image by a concave mirror when the obj 
is between the principal focus and the centre of curvature. Describe fully the image that is formed. 


Starting from a large distance, a flame is slowly moved towards a convex mirror. Comment on 
how the size and position of the image change. 
[ A.LS.S. 1987] 


What is a lens ? What is the difference between a concave lens and a convex lens ? 
Define : Principal axis ; optical centre ; principal focus ; and focal length of a lens. Draw diagrams 
to illustrate your answer. 
Discuss the size, position and nature of the image formed by a convex lens when the object lies 
G) atinfinity 
(i) beyond 2f where f is the focal length of the lens 


(iii) at2f 
(iv) between fand 2f 
(v) atf 


(vi) between the optical centre and the focus. 

Discuss the size, position and nature of the image formed by a concave lens when the object lies 
(à) atinfinity 

(b) atf where fis the focal length. 

(a) Describe the construction of human eye. Draw labelled diagram. 

(b Compare human eye with photographic camera. 


What are the two main defects of vision ? How are they corrected ? (ALS.S.E. 1982) 


(à  Whatisa microscope? 


(b) When does a convex lens act as a simple magnifying glass (or simple microscope) ? Draw its labelled 
disgram. Derive an expression for its magnifying power. Define magnifying power of a microscope. 
(c) What is the difference between a simple miscroscope and a compound microscope ? 


(a) What is a telescope? 


(b) Describe the working of an astronomical telescope. What features make its magnifying power 
large ? 


Explain : 
(a) If you were supplied with four convex lenses of focal lengths 100 cm ; 25 cm ; 3 cm and 2 cm 


respectively, state which lenses you would select for constructing 
(i) anastronomical telescope, 


(ii) asimple microscope, 
(iii) acompound microscope? 
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27. 


28. 


31. 


32. 


34, 


(b) What alteration in the astronomical telescope is required to increase 
(i) magnification, 
(i) brightness of image? 
(a) Name the Scientific terms which denote the followin g: 
G) The power of the eye which enables it to focus objects at varying distances away. 
Gi) Defect of the eye due to which a person cannot see the distant object clearly. 
(ii) Sensitive screen in the eye for the reception of images. : 
Gv) The point for which the eye is focussed when at rest. 
(v) Thenearest point to the eyeat which a small object can be clearly seen. 
(vi) Thedistanceofthe point from the eyeat which we can see objects most clearly. 
(b) Statethe Physical principle made use of in the case of Magnifying glass. 
(c) Answer the following questions : 
(i) Is the image on the retina of the eye real or virtual ? 
Gi What is circular aperture of the eye called ? 
Gii) Inhypermetropia does the crystalline lens become more divergent or more convergent ? 
Gv) Whatis normally the distance of distinct vision ? 
Which of the following, as normally used, form real images : 
G) eye 
(ii) ^ microscope 
(ii plane mirror 
(v) concave shaving mirror. 
Show that a real image formed by a man by a converging lens only inverts him but. that he and 


his image still have the same right hand. Show that exactly the reverse is true for an image formed 
by a plane mirror. 


Describe the image formation in a compound microscope. Draw its labelled diagram; 


What name is given to the splitting of white light into its various colours by a prism ? What 
causes this splitting ? è 


(a) Explain why one book appears red to the eye and another green? 


(b) Explain why a book appears red when seen througha red transparent Piece of glass but black when 
seen through a green one. 


Draw a ray diagram for an object seen through 
(a) asimple microscope. 

(b) acompound microscope. 

(c)  anastronomical telescope. 


[A.I.S.S, 1986] 


[A.LS.S, 1987] 
How does a normal eye see clearly objects at various distances ? Name one of the co 


of vision and type of the lens used to remove it. TAL Wires 


How is the amount of light entering the e 
] ye controlled ? What chan; 
enable it to focus on objects situated at different distances ? 


Why does it take some time to see obj ts in a di 
silent outed? jec a dim room when you enter the room from bright 


What is 
(i)  shortsightedness ? 


8e is made in the eye to 
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37. 


38. 


39. 


10. 


(i) longsightedness? 
How can these defects be corrected ? 
What are 
G) primary colours? 
(i) secondary colours ? 
(ii) complementary colours? 


What colours do we get when 
(i) Red, green and blue are mixed ? 
(ii) Yellow and blue are mixed ? 
(iii) Red and blue are mixed ? 
(iv) Red and green are mixed ? 


(a) How do we see colours ? 
(b) What is meant by colour-blindness ? What is it due to ? 


PROBLEMS 


A concave mirror of focal length 10 cm is placed at a distance of 0.35 m from a wall. How far 
from the wall should an object be placed to get its real image on the wall ? Draw a scale diagram 


and use a scale of 1 : 5. 
[Ans. 0.21 m] 


A concave mirror forms a virtual image three times the size of the object, when the distance between 
the object and the mirror is 0.1 m. Find the position and size of the image when an object 3 cm 


high is placed 0.4 m from the mirror. 
[Ans.. 0.24 m from the mirror ; real ; inverted and 1'8 cm high]. 


The image formed by a convex spherical mirror of focal length 0.3 m is a quarter of the size of 
the object. What is the distance of the object from the mirror ? [Ans. 09 m] 


A concave mirror has a radius of 1 m. Where must the object be placed so that its image is 
formed at a distance of 1 m from the pole of the mirror ? Draw a scale diagram and use a scale 
of 1 : 20. [Ans. 1 m] 


An object 25 cm. long is placed on the axis of a concave mirror of 30 cm radius of curvature at 
distance of 10 cm from it. Find the position, size and nature of the image formed. 
3 [Ans. Virtual erect 30 cm behind the mirror ; 7.5 m] 


An object is 10 cm from a convex mirror of focal length 20 cm. Find the position and nature of 
the image. Draw a scale diagram. [Ans. 667 cm ; Virtual and erect] 
[D.B.S.S. 1978] 


An object is placed at a distance of 4 cm from a concave mirror of focal length 12 cm. Find the 
Position and nature of image. Draw a scale diagram. [Ans. 6 cm; Virtual and erect ] 
[D.B.S.S. 1979] 


A concave mirror produces a real ima i ) i d 
ge of height 2 cm of an object of height 05 cm placed 10 
cm away from the mirror. Find the position of She image and focal length of the mirror, 
[Ans.-40 cm; -8 cm] 
[D.B.S.S. 1980] 


An object 1 cm high is placed on the axis of and 15 cm from a concave mirror of focal length 
10 cm. Find the position, nature, magnification and size of the image. 

[Ans . 30 cm ; Real and Inverted ; —2 and 2 cm] 

[D.B.S.S. 1981] 


The focal length of a concave mirror is 6 cm, An object is placed at a distance of 10 cm from its 
vertex. Where is the image formed ? [Ans . 15 cm away from the vertex towards the object side] 
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12. 


13. 


14. 


16. 


17. 


18. 


24. 


26. 


27. 


A. convex mirror of focal length 10 cm is given. If an object is placed 15 cm away from the vertex 
of the mirror, where is the image formed and what is the magnification. [Ans. 6 cm ; 04] 


A convex mirror has a focal length of 20 cm. An image is produced which is two-thirds of the 
length of the object. Determine the object distance from the mirror. [Ans. 10 cm] 


The image of an object in a concave mirror of radius of curvature 20 cm is erect and is formed 


30 cm from the mirror. Calculate the object distance from the mirror and the magnification. 


[Ans. 7.5 cm ; 4] 


An object and its image in a concave mirror are the same height when the object is 64 cm from 
the mirror. What is the focal length of the mirror ? 
[Ans. 18.2 cm] 


Two lenses,one of focal length 25 cm (a convex lens) and another of focal length -10 cm (a 
concave lens) are placed in contact. What is the (i) power of the combination and (ii) focal length 
of the combination ? What type of lens the combination acts ? 
[Ans. (i) — 6 dioptres ; (ii) — 16°67 cm ; concave lens] 
Suppose that the distance from the eye lens to the retina is 2 cm. What is the focal length of the 
eye lens system in viewing a distant object ? An object is at the normal near point ? 
[Ans. 20 cm; 1:83 cm] 
What must be the focal length of the lens in a projector if the image is to be 10 times the size 
of the object when projected on a screen 5 m away ? 
E [ Ans. 455 cm] 
In a simple box camera the distance from the lens to the film is 01 m. If the focal length of the 
lens is 950 cm, where must an object be placed to give the best image on the film ? 


[Ans. 190 m from the lens] 


A certain magnifying glass gives an image of the sun at a distance of 30 cm from the centre of 
the lens. What is the approximate magnifying power of the lens ? [Ans. 30] 


What is the magnifying power of an astronomical telescope having a 100 diopter objective and 
30-diopter eye piece lens ? [Ans. 833] 
A person whose distance of distinct vision is 14 cm uses a lens of 5 cm focal length to 
magnify a small object. What is the distance of the object when in focus and what magnification 
is obtained ? AAns. 375 cm ; 4] 
A short-sighted student sees objects most distinctly at a distance of 15 cm. Hi 

black board at a distance of three metres. What must be the nature of the lens te ER 3 


[Ans. Concave lens of focallength of — 15:8 cm] 
A convex lens of 5 cm focal length is placed at a distance of 4 


cm f j i 
position and relative size of the image. Draw a scale diagram. [Ans opere, Pind te 


n i - -20 cm ; 5 times the object] 
t is required to throw an image magnified 29 times ona screen l i 
the object. Find the focal length and nature of the lens required." i deu CA HN 


[Ans. 1933 cm ; convex] 
Find the distance at which an object should be placed in front of a 
10 cm to obtain an image of double of its size. Draw a scale digni. dp Oe ol pent 


[Ans. 15 cm] 
An object is placed at a distance of 10 cm, in front of a concave lens of focal length 20 
nature and positon of the image formed by the lens. Draw a scale diagram. Ne ae ae 


[Ans. 666 cm ; virtval and erect] 
A convex lens forms an inverted and real image at a distance of 30 cm from its opti :al centre of 


T object placed at a distance of 80 cm from it. From the focal length of the lens. Draw a scale 
agram. 


[Ans. 218 cm] 
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28. Find the position and the nature of the image of an object 5 cm high and 10 cm infront of a 


length 6 cm. [A.LS.S.E. 1986] 
convex lens of focal lengt c GALE en 


29. A small object is so placed infront of a convex lens of 5 cm focal length that a virtual image is 


formed at a distance of 25 cm. Find the magnification as well as the magnifying Fore sum 
ns. 5, 
[D.B.S.S. 1981] 


30. A lens has a power of -25 D. What is the focal length and nature of the lens. 


[Ans. —40 cm ; concave lens] 
[A.I.S.S.E. 1986] 
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CHAPTER —8 
HEAT 


Learning Objectives : 


At the completion of this Chapter, you should be able to grasp : 
1. the concept of heat —a form of energy— its S.I. unit. 
2. the relationship between mechanical work and heat produced. 
3. the concept of temperature, its relationship with heat (ie, heat is the cause and temperature its effect) 


and its measurement by a thermometer. 


4. the concept of specific heat and its determination by thermal equilibrium. 
5. the effects of heat— thermal expansion, change of state and idea of latent heat. 
6. the meaning of relative humidity and its importance in everyday life. 


8.1. INTRODUCTION : ; 

The chapter is about heat. This is also a major 
branch of physics. We will look at some of the things 
heat can do, and see how we make use of heat in our 
everyday lives. We will ask the question "what is 
heat" ?and try to find an answer from the evidences. 
You will find suggestions for experiments ; try these 
out if you can. They will all work and they will help 
you to understand the important concepts and some 
physical effects of heat. 


You will find many questions in this Chapter to 
stimulate you into thinking about heat. They will 
usually be. easy, but if you have any difficulty try 
discussing them at home, or ask your teacher what 
he/she thinks. 


Earlier heat was thought to be a kind of fluid 
(Caloric) but according to modern concept Heat is a 
form of energy known asthermalenergy.A body has 
higher energy when it is hot than when it is cold. Its 
molecules absorb the heat and move about more 
vigorously at higher temperatures. In a gas, the 
molecules have sufficient kinetic energy in them so 
that each molecule moves about freely. What hap- 
pens when we cool a gas below its condensation 
point? The kinetic energy of its molecules is reduced, 
while the attraction between molecules is increased. 
As a result the gas condenses into a liquid. What 
happens when we cool a liquid below its freezing 
point? The energy of its molecules is further reduced, 
compared to the intermolecular forces of attraction, 
The liquid freezes into a solid, Thus, the energy of 
the molecules in a substance is low in the solid state, 
higher when it becomes a liquid and highest when it 
changes its state and becomes a gas. The attraction 
between the molecules holds the solidstate together, 
Heating a solid increases the energy of the molecules 


until at the melting point, the intermolecular forces 
are Overcome to the extent that the solid liquifies and 
Starts flowing. Further heating imparts more energy 
to the molecules of the liquid until at the boiling 


* point, the kinetic energy of the molecules takes over 


and allows them to move quite independent of each 
other. In a gas thus, the attractive forces between the 
molecules is the least. 


8.2. IDEA OF HOT AND COLD BODIES : 


Let us do the following personal experiment on 
skin sense of hot and cold. 


Take three bowls. Fill the first one with water 
which is as hot as you can stand with your bare hands. 
In the second bowl mix hot water with cold water. 
This is lukewarm water. Put cold water frorh the tap 
into the third bowl. Place the bowls on the table as 
shown in Fig. 8.1. Hold your right-hand in the hat 
water and the left-hand in the cold water, for three 
minutes or more. You will find that your right-hand 
feels hot and your left-hand feels cold. After three 


and your right-hand feels cold. But both hands are in 
the same bowl of water ! You cannot really tell if a 


Fig.8.1. 
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Fill a can with hot water. Put into it a pencil, a 
nail, a glass rod and a metal spoon. Feel the tops of 
these articles after two or three minutes. You will feel 
that the nail and the metal spoon are much hotter than 
the pencil and the glass rod (non-metals). This shows 
that the feeling of the hot and cold is not only relative 
but it depends upon the nature of the body we touch. 


8.3. TEMPERATURE AND ITS 
MEASUREMENT : 


We can use our skin to make rough guesses, but 
our sense of hot and cold is limited and unreliable. 
Our sense of touch can be used only to determine 
which of the two substances.is at a higher tempera- 
ture. It cannot be used if the two substances are 
almostat the same temperature, nor can it be used for 
very high and very low temperature. We, therefore, 
need a device which is independent of our sense of 
touch and which will measure thé hotness or coldness 
ofabody. Such a device is called a thermometer. A. 


PLASTIC TUBE 


thermometer tells us just how hot or cold a thing is ; 
itcan be used to compare different objects ; and it can 
be used again and again, to link up observations made 
on different days. It provides definite. numbers, 
which form a permanent, reproducible scale—it has 
the characteristics of a good instrument. In passing 
from vague sensation to the definite scale of an 
instrument we are not just improving our incom- 
petent skin's measuring system, we arc inventing and 
putting into use a new concep: ` ieiperature, Our 
rough sense of hot and cold suggests the concept of 
temperature. 


You can make your own thermometer at home 
using a bottle, plasticine, and thin plastic tubing [Fig. 
8.2.]. Warm the bottle with your hands to drive out 
Some air and get the water level at a suitable height. 


Note how the level of the water varies as the 
temperature is varied. If you cool the bottle by pour- 
ing cold water over it, the water level in the tube will 


Cc? 
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Fig. 8.3. 


rise further. If you heat the bottle by bringing a candle 
flame near it, the water level in the tube will fall. The 
change in the level of water in the tube thus indicates 
the change in temperature. In the particular experi- 
ment, fall in the level of water in the tube indicates 
rise in temperature and rise in the level of water in 
the tube indicates fall in temperature. 


Thus the temperature of a thing expresses 
and is a measure of its degree of hotness or 
coldness. 


The above model of an air thermometer is 
similar to the one devised by Galileo in the sixteenth 
century. In fact he developed the first thermometer. 
Galileo noticed that gases expand on heating and 
contract on cooling. He utilised this property of the 
gases to build a thermometer. 


There are different types of thermometers, but 
the most common type has a liquid (usually mercury 


[ 
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To get a standard scale of markings or gradua- 
tions on a thermometer two fixed points must first be 
found. These points are temperatures which are easi- 
ly obtained. The upper fixed point is the temperature 
of steam from boiling water. The lower ‘fixed point is 
the temperature of melting ice. On the Centigrade 
scale (°C), the difference between these two points 
is divided into 100 parts or degrees. The temperature 
of melting ice is 0°C and the temperature of steam 
from boiling water is 100°C. This scale is also called 
the Celsius scale, after a Swedish scientist. 


On the Fahrenheit scale the ice point is 32°F 
(degree Fahrenheit) and the upper fixed point is 212° 
F [Fig. 8.4]. This scale came about because the two 
fixed points that the inventor, Fahrenheit, used were 
the temperature of the body, which he then thought 
was 96°F, and the temperature of a mixture of ice and 
salt which was O°F, It has since been found that the 
temperature of a normal human body is 98,49F. 
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Fig. 
or coloured alcohol) in a small bulb at the end of a. 


long, narrow tube on which some marks are scratched 
. [Fig. 8.3]. 


Some of the liquid is in the tube, As the tempera- 
ture ríses, more of the liquid from the bulb expands 
along the tube. The number written against the mark 
On the scale to which the liquid rises indicates the 
temperature of the bulb. 
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Today, most people, including Scientists, use the 
Centigrade scale. The Fahrenheit Scale is much less 
important. The separation between fixed points on 
the Fahrenheit scale is divided into 180 divisions. A 
special type of thermometer is used to take your 
temperature when you go to see the doctor. Itis called 
a clinical thermometer [Fig. 8.5]: Thisisa small type 
of (Fahrenheit or Celsius) thermometer about 10 cm 


long. A healthy person has a temperature of 98.4°F 
(or 37°C). Any great deviation from this indicates 
illness. 105°F is regarded as very dangerous. To 
obtain the temperature of a patient the nurse usually 
places the thermometer under the tongue or in the 
armpit. This thermometer has a short, very thin capil- 
lary tube with a narrow portion (or constriction) at A. 
In expanding the mercury flows out of the bulb past 
the narrow portion, but when the thermometer is 
taken out of the patient’s mouth or armpit the mer- 
cury does not flow back past the constriction. Thus 


hotter body becomes cooler and the colder body 
becomes warmer till they attain the same tempera- 
ture. Obviously, something is exchanged between a 
hotand acold body during the time they are in contact 
and their temperature is changing. That something 
which has been exchanging or transferred is called 
heat. Each time two substances of unequal tempera- 
ture are mixed, the warmer one loses heat and the 
cooler one gains heat until they both finally reach the 
same temperature. No heat flows when the two 
bodies are at the same temperature. The state when 


Fig. 8.5. 


the temperature can easily be recorded and read. To 
bring the mercury back into the bulb, the ther- 
mometer is shaken vigorously and the mercury is 
thus forced back through the constriction. This ther- 
peu is graduated from 95? to 110?F or 35? to 


In order to convert the temperature on the Cel- 


cius Scale to the Fahrenheit scale, we use the follow- 
ing relation : 


AC. 
100 180 


kiss C is the reading on the Celsius scale and F is 
€ reading on the Fahrenheit scale. 


8.4. THERMAL EQUILIBRIUM 


,. If water is too hot for washing, you may cool it 
Quicky by adding cold water. Ag Uis two zm the 
perature of the hot water is lowered while the 

Mperature of the added cold water is raised. The 
n temperature of the mixture lies between the 
i bon temperatures of the hot and cold water. 
oe y if we drop a hot iron ball into cold water, 

n the iron ball will become cold and the water and 
Iron ball will attain the same temperature. 


$5 Thus, itis clear that when two bodies at different 
Peratures come in contact with each other, the 
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no heat flows from one body to another when they 
are brought in contact with each other is known as 
the state of thermal equilibrium. In the state of 
thermal equilibrium, the heat given off by hot sub- 
stances equals the heat received by cold substances. 
This principle can be used ina variety of ways, some 
of which will be described in later sections of this 
chapter. 


Definition of Temperature 


As mentioned earlier, heat will always flow 
from a body at a higher temperature to a body at a 
lower temperature. Hence temperature of a body is a 
property which determines the direction of flow of 
heat between the body and its surroundings. In other 
words temperature indicates thermal state of a body. 
The SI unit of temperature is kelvin (K). 


*According to modern concept of temperature, 
the temperature of a body is a measure of the average 
Kinetic energy of the molecules of the body. 


8.5. THERMAL ENERGY (or HEAT AS A 


FORM OF ENERGY) 


Sudden compression makes a gas hotter—gives 
it more heat—yet when we ask: "What does the 
moving piston do to the molecules"? the reply is : "It 
only makes them move faster". So heat in a gas seems 


* You will leam this definition in detail in higher classes, 


to be associated with molecular motion. Again, heat 
seems to appear when we hammer soft metal or rub 
rough surfaces. If you rub your hands together 
vigorously (try it now), your hands get warmed. 
Twist a pointed stick very quickly in a piece of wood 
[Fig. 8.6], it becomes hot and this would set the dry 
grass alight. A meteorite entering the earth’s atmos- 
phere, gets red hot due to friction with air and is 
completely vaporised before reaching the surface of 
the earth. 


The above examples clearly illustrate that the 
mechanical energy (kinetic energy) of a body lost due 
to friction appears in another form of energy, which 
we call heat or thermal energy. Thermal energy 
belongs with the motion of atoms and molecules in 
ali cases. 


Careful measurements show that mechanical 
energy and heat are interchangeable at a fixed rate of 
exchange. 


Fig. 8.6. 


Anything that can do work is said to possess 
energy. If we can show, therefore, that heat can do 
work, such as making something move, then heat 
must be a form of energy. In fact, all evidences in our 
daily life indicate that heat is a form of energy known 
as thermal energy. For example, when water is boiled 
in a kettle with a loose lid, the steam forces its way 
out by pushing up the lid, which therefore moves up 

and down. Thus heat has caused motion. 
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You can think of many more ways in which 
themal energy (heat) can cause motion. 


In ordinary talk, the word "heat" is used as a 
rough synonym for temperature ; but in science we 
use the two words for quite different things. We use 
the name heat for the essential stuff that makes a thing 
hotter ; temperature only shows how hot the thing is, 
how full of heat it is or the "pressure of heat" in it. 


8.6. UNIT OF HEAT 


Heat is measured in calories, more usually now. 
in kilo-calories. 


The calorie is the amount of heat needed to raise 
the temperature of 1 gram of water by 1 degree 
celsius—more precisely from 14.5°C to 15.5 °C. It is 
abbreviated as cal. 


The kilo-calorie is 1,000 calories. 


Kilo-calorie is, therefore, the amount of heat 
needed to raise the temperature of 1 kilogram of 
water by 1 degree celsius. It is abbreviated as Kcal. 


The joule (J) is the more usual unit of heat in SI 
System as heat is a form of energy. 


$7 MECHANICAL EQUIVALENT OF 
HEAT — (Mechanical Work and Heat) 


The subject of heat had developed quite far in its 
practical sense well before its nature was known. 
Although we now recognize that heat is merely 
another form of energy, this was not realized until 
relatively late. As a result, heat units were defined as 
something quite distinct and having no direct relation 
to the defined units of energy. We could, of course, 
discard the old units, the calorie and kilo-calorie and 
express heat energy in joules. However, the calorie 
and kilo-calorie are well entrenched and are con- 
venient to use. Hence, we continue to use them, 


To find exactly how the defined unit of heat 
energy, the calorie is related to the defined unit of 
mechanical energy, the joule, one must resort to 
experiment. The first precise experiment to deter- 
mine this correspondence was carried out by James 
Prescott Joule (1818-1889). One of the more accurate 
methods used was based on the Conversion of poten- 
tial energy to heat energy. 


James Joule was the first to demonstrate that the 
ratio between work done or the energy lost in a 
mechanical process and the heat produced in the 
process is a constant. This constant is known as 


mechanical equivalent of heat and it is represented 
by the symbol J. It is found that whatever be the 
nature of the substance or its volume, 4186 joules of 
mechanical work will always produce 1 kcal of heat. 
In other words, we may write 


1 kcal = 4186 joules 
| "or 1 cal = 4-186 = 42 m | 
This is the result accepted at present 
8.8 SPECIFIC HEAT 

When energy is absorbed by a material, part of 
the energy will contribute to further molecular mo- 
tion, which is seen as an increase in temperature ; and 
part of the energy may do work in expanding the 
material, which is a form of potential energy. In 
different materials, the fraction of the energy that 
contributes to a temperature change will be different. 
As a result, the same amount of energy put into the 
same mass of different materials will result in dif- 
ferent temperature changes. Another way of express- 
ing this is that different amounts of energy must be 
put into the same mass of different materials to cause 
the same temperature change. 

. For example, 4180 J put into 1 kg of water raises 
its temperature by 1°C but only 880 J will raise the 
temperature of 1 kg of aluminium by 1°C. 

The quantity of energy required to raise the 
temperature of 1 kg of a substance by 1°C is called 
Specific heat of that substance. 

Specific heat of a substance is usually repre- 
sented by the symbol C. In terms of joule, the unit of 
specific heat is joule per kilogram degree celsius 
(/kg°C). In terms of calorie, the unit of specific heat 
is calorie per gram degree celsius (cal/g°C). 

Hence, specific heat of water is 4180 J Kg? °C+ 
=1 cal/g°C as 1 cal = 4.18 J. 

What are the factors on which the quantity of 
heat required to heat a substance depends ? In 
general, it has been found that the quantity of heat 
required to heat a substance depends upon (i) its 
mass, (ii) the rise in temperature, and (iii) nature of 
the substance, y 

If Q = heat required to raise the temperature of 
Rss of a substance of specific heat C through TC, 


Reference is sometimes made to the thermal 


capacity of an object. This refers to the amount of 
nergy needed to raise the temperature of whole body 


by 1 C. It is equal to the product of its mass and the 
specific heat of its material. 


i.e., Thermal Capacity of an object - 
= mass of the object 


X specific heat of the object = mC 


Specific heats for a few common substances are 
listed in Table 8.1 below : : 


TABLE 8.1 


SUBSTANCE SPECIFIC HEAT 


(J/Kg °C) 


Water 


Ice, — 10°C to 0°C 2100 
Mercury 138 
Aluminium 880 
Steel 447 
Glass (Flint) 500 


Marble 


89 PRINCIPLE OF CALORIMETRY 
(EQUILIBRIUM TEMPERATURE) 


If two bodies at different temperatures be mixed 
together, they share heat with each other and finally 
attain an equilibrium (or common) temperature 
which lies between the temperatures of the two 
bodies. If it is assumed that there is no exchange of 
heat between the bodies and the surrounding objects 


„and there is no chemical action between the con- 


stituents of the mixture, the hotter body loses as much 
heat as the colder body gains. In other words, 


Heat lost = Heat gained 


This is the principle used in the measurement of 
heat and is called the principle of calorimetry or 
principle of mixtures. 


The vessel in which measurement of heat is 
usually carried on is known as calorimeter and is 
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generally made of copper. 


A large number of situations involving heat in- 
terchange can be elucidated by the application of the 
principle of calorimetry. In general, such situations 
involve the interchange of heat within an insulated 
vessel (a calorimeter), which effectively isolates the 
system from its surroundings. The above equation 
becomes clear in the light of the laws of conservation 
of energy. 


We shall illustrate its use by the following ex- 
ample : 


Consider two bodies A and B at temperatures T4 
and T; respectively. Let T, > Tg. Let these bodies be 
brought in contact with each other. The body A will 
lose heat and the body B will gain heat. In other words 
the temperature of body A will fall and that of B will 
rise till the temperature of both the bodies becomes 
Constant or equal. When this happens, we say that the 
two bodies have reached thermal equilibrium. The 
common constant temperature of both the bodies 
when they attain thermal equilibrium is known es 
equilibrium temperature. Let Te be the equilibrium 
temperature in this case. 


Let m, be the mass of body A and C, be its 
specific heat. Similarly let mg be the mass of body B 
and C; be its specific heat. 


Heat energy lost by body A in cooling down 
from T, to Te= C, m, (TA- Tc) 


-Heat energy gained by body B in raising its 
temperature from T; to Tc = Cs mg (Tc — T; ) 


Since according to the principle of calorimetry, 
Heat lost = Heat gained 


7. Cam, (T, — Tc) = Coms (Tc — Ta) 
or Cam, T, — TC,m, Tc = Cams Tc — Cy Mg Tg 


C,m,4T, + CgmsTg 


or Tc — 
9" Cy, + Cam, 


The above equation can be used to determine the 
equilibrium temperature To. 


The above equation can also be used to deter- 
mine the specific heat of a body as will be clear from 
the solved examples given at the end of this Chapter. 


8.10 THERMAL EXPANSION OF SOLIDS 


All solids expand on heating and contract on 
cooling, and they do these to different extents, 
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Fig. 8.7. 


Ball and ring experiment : First try to pass the 
ball through the ring provided for it (Fig. 8.7). Put the 
ball in the flame for a few minutes. Remove it and try 
to pass it through the ring again. What happens ? Let 
the ball cool down and then try again. What happens? 
You will notice that when it is cold the ball passes 
through the ring, but when very hot it cannot pass 
through asit is now too big for it, i.e., it has expanded. 


It is clear from the above experiment that when 
a solid is heated it expands, and this expansion takes 
place notin one direction only but in all directions. 


Now try the following experiment which il- 
lustrates further this phenomenon of expansion, 


Take a compound bar (or bimetallic strip) con- 
sisting of two blades of two metals (e.g., iron and 
brass) of equal length and equal thickness smoothly 
riveted together (Fig 8.8). First examine the com- 
pound bar and see that the blade is perfectly flat, Now 
put it in the flame for a few seconds. What 
happens ? 


You will notice that the compound bar becomes 
bent. If the bar is a compound bar of iron and brass 
you will see that the bar is bent towards the iron side, 
as shown in Fig [8.8 (b)]. This can be explained by 
saying that brass expands more than the iron and that 


is why the compound bar is bent towards the iron 
side. 


$ All solids expand on heating, but the extent to 
which they expand is dif, ferent for different solids. 


Bimetallic strips are most commonly used as 
reliable thermoswitches in automatic electric iron 
[Fig 8.8 (c)], refrigerators, temperature controlled 
ovens, toasters etc. The bending due to thermal ex- 
pansion helps in breaking the circuit and controls the 
temperature of the iron while in use. 


“BRASS 


IRON 
(a) (b) y 
BRASS 
(BEFORE HEATING) (AFTER HEATING) 
(BIMETALLIC STRIP). Fig. 8.8 
ig. 8.8. 


Types of Expansion : 


When a solid is heated, it generally expands 
equally in all directions although the expansion is 
usually very small. This change in the dimensions of 
à body on heating results in the increase of lengih, 
area and volume of a body. The increase in length is 
called Linear Expansion. The increase in area is 
called Superficial Expansion. The increase in 
volume is called Cubical Expansion. 

Linear Expansion : 

When a thin metal rod is heated, its length in- 

Creases and the increase varies directly as 


(i) the rise in temperature and 
(ii) the original length, 
and also changes with the nature of the material. 


If Lo be the length of the rod at 0°C and L its 
length at t°C, we have 


Li — Lo e Lo 
e (°C 
GH o Hurts 
or L,-Lo=aLot axi) 


ce © is a constant depending upon the nature of 
p material and is known as Coefficient of Linear 
Xpansion of the material. Equation (i) gives the 
change in length. This relation gives us. 
Li-Lo 
ELLA ~ (ii) 
the definition of coefficient of linear expansion. 
Coefficent of linear expansion is the increase 


in length per unit len e i 
gth at 0°C of a rod when its 
temperature is raised through 1°C. i 
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KNOB FOR SETTING 


(c) à -E 
ELECTRIC IRON THERMOSTAT 


Its unit is per degree centigrade. (per SG); 
Equation (i) may be written as 
Li=Lo+ Loa t 


Cap =Lo(1 +0 t) 
which gives us the final length. 


Change in length = L; — Lo = Lat . (i) 


Coefficient of linear expansion 


. (iii) 


L; ^ 
== = ve) 
Final length = L,=L,(1 +a t) . (iii) 


The coefficient of linear expansion of some 
common substances is given in the following table : 


per °C 
Aluminium fst s 0-0000255 
Brass à W 0-0000187 
Copper 0-0000167 
Iron (cast) 0:0000106 
Iron (wrought) 0-0000114 
Iron (steel) 0.00001 10 
Platinum i d. 0-0000090 
Glass T ie 0-0000090 
Ice ny; LT 0-000051 
Hard rubber n ts 0-000080 
Porcelain Ai +.  0:0000028 
Zinc t. A 0-000026 
Nickel t. 0-0000128 
Invar (alloy of Iron & 0-00000009 
Nickel) ae eet i 

Gold s cd 0:000014 
Silver ie 0-000019 
Pyrex glass 0:000003 


Superficial Expansion : 


When we heat a body, its length and breadth 
both increase and consequently the area also in- 
creases. The increase in surface area is known as 
superficial expansion. Like linear expansion, the su- 
perficial expansion is directly proportional to 


(i) the original area, 
(ii) the increase in temperature 
It also depends upon the nature of the material 
Supposing 
S, = the original area at °C 
and S, = the final area at t°C 
*. S,— So= change in area. 
Then we have 
S- So So 
e t 
i.e., Se— Sy e Sot 
or S,—So=PSot « (i) 


s- S, 
or Beers i) 


where B isa constant depending upon the nature 
of the material and is known as coefficient of super- 
ficial expansion. Coefficient of Superficial Expan- 
Sion may thus be defined as the increase in area per 
unit area at 0^C when heated through 1°C. 


Relation (i) may be written as 
S,= S, + Soft 
or S,=So(1 + Bt) 
which gives the final area. 


«+. (iii) 


These relations may be summarised here. 


Coefficient of superficial expansion 


Increase in area = S, - So = Sp Bt 
Final area = S, = So (1+ Bt) 


*p-2o 

It can be shown that the coefficient of superfi- 
cial expansion is twice the coefficient of linear 
expansion. 
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Let us consider a square plate ABCD (Fig. 8.9) 
of sides each equal to Ly and area Sp=L,” at 0°C. Let 
it be heated through 1°C. The area of the plate in- 
creases and it becomes AB'C'D'. Each side of the 
plaie increases to L=L(l1+0x1) 


A B BE 


Fig. 8.9 c 
The area AB'C'D' is equal to 
$.=L,?= [L(1+0x1)]? 
<. Change in area I4? - L? 
=L (+a) -L 
Hence coefficient of superficial expansion is 


given by 


1$ (1+ 0)?-13 
I2x1 

=(l+a)*-1 

=1+07+2a-1 


B= 


=0?+20 
=20 


ie a? which is very small as compared with 
a. 


, Hence the coefficient of superficial expansion is 
twice the coefficient of linear expansion, 


Cubical Expansion : 


When a body is heated, its length, breadth and 
thickness all increase and consequently there is in- 
crease in volume. Like linear and superficial expan- 


sion, the increase in volume or cubical expansion is 
directly proportional to 


(i) the original volume, 
(ii) the rise in temperature. 
It is also depends upon the nature of the material. 
Suppose 
Vo = the volume at 0°C 
V, = the volume at t°C 


and t= the rise of temperature, 
then Vi- Vo œ Vo 1 

ot 
ie., V,— Vo ec Vot 
or Vi- Vo Y Vit . (i) 
or É i NO 


where y is a constant whose value depends upon the 
nature of the material and is known as coefficient of 
cubical expansion. ~ 

Coefficient of cubical expansion may thus be 
defined as the increase in volume per unit volume at 
0°C produced by 1°C rise of temperature. 


RAIL 


Vi=L, ray 
& Increase in volume = L> a +a)-L? 


Therefore coefficient of cubical expansion is 
given by 


Vi=Vo 


m VUE 


BU- 
I2x1 
=(1+a) -1 


=1+3a +307403-1 


=3a «3a? o? 


=3a 


because 30. "anda. ? are very small as compared with 
3a and hence are neglected. 


Hence the coefficient of cubical expansion is 
three times the coefficient of linear expansion. 

A FEW APPLICATIONS OF THE EFFECTS 
OF EXPANSION OF SOLIDS : 

In our everyday experience we find that the 
expansion and contraction of substances sometimes 
cause us trouble or even danger and so we have to 
devise ways of avoiding these difficulties. A few of 


“Fig. 8.10 


The eq. (i) may also be written as 
V=V[1+Yt] . (iii) 


Y=3 o. It can be shown that the coefficient of 


cubical expansion is three times the coefficient of 
linear expansion. 


Let us consider a cube whose each side is Lg and 


volume I5, at 0°C. Let it g 
that each side inc it be heated through 1°C, so 


volume Vo= 1% at 0°C increases to V, given by 
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reasestoLi- L;(1-- ax l) and the. 


these devices will be discussed here. 


1. Railway lines. Railway lines expand when the 
weather is hot and contract during cold weather. 
They are, therefore, laid down in lengths with gaps 
between one rail and the next to allow them to expand 
and contract freely. Without a space between the 
rails, the joints would swell up in hot weather as a 
result of expansion, and the train would be derailed, 


The rails are connected by fishplates. These have 
oval holes for the bolts so that movement to and fro 
is possible when expansion or contraction takes 
place. The rails rest on steel "chairs", as shown in the 
diagram (Fig 8.10). Between the rail and the chairs 

* are wooden wedges which keep the rail in position. 
These wooden wedges are sufficiently soft to allow 
the rail to expand sideways. 


These days, in some countries and also partly in 
India, the railways are using welded rails with single 
rail length of a few kilometres. Two such rails are 
joined in a wedge, so that when rails expand, they 
slide past each other (Fig. 8.11). 


Fig. 8.11 


2. Expansion loops in pipes. In several factories 
and workshops where steam is passed through pipes 
the steam pipes are fitted with loops, as shown in Fig. 
8.12. These loops allow the pipe to expand easily 
when hot steam is passing through and contract when 
it cools down. Without the loops, the pipes tend to 
expand at the joints, which become loose, causing 
leakage or bursting of the pipes. 


PLATES HOLES 
OPPOSITE: 


HOT RIVET: 
ANVIL 


(b) 
Fig. 8.12 Steampipe expansion loops 
We can show experimentally that the force of 
expansion is very great.’ All substances exert great 
forces if one tries to stop them expanding or contract- 
ing. These forces are often used to tighten some 
things and to push others. 


3. Locomotive wheels. Locomotive wheels are 
fitted with iron tyres. These tyres are made a little 
smaller than the wheels. They are first heated until 
ted hot, during which they expand and can easily be 
slipped on to the wheels. On cooling they contract 
and grip the wheels firmly. E 


4. Riveting. The plates of a ship and the sheets 
of a boiler can be firmly joined together by using 
rivets. The rivet is inserted red hot through holes 
opposite each other (see Fig. 8.13 stage 1) in the two 
plates. The rivet is now hammered flat while still 
red-hot (stage 2) and then left to cool. As it cools 
it contracts and binds the plates firmly together 
(stage 3). 


5. Steel bridges. These expand during hot 
weather and contract during cold weather, If the 


DESCENDING HAMMER: 
HOT RIVET 


SEALED PLATES: N 
COLD RIVET 


Fig.8.13 Riveting in three stages. 
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lic) 


(a) BEFORE EXPANSION (b) AFTER EXPANSION 
Fig. 8.14 Expansion of a bridge in hot weather 


EXPANSION JOINT 
GIRDERS 
OF BRIDGE 


[1 


(a) 5 (b) 
Fig. 8.15 A roller bearing 


bridge is fixed at both ends, as shown in Fig. 8.14 To avoid this, long steel bridges are built so that 
(2), you can well imagine what will happen in hot — the ends of the steel structures rest on rollers which 
weather [see Fig 8.14 (b)]. allow the bridge to expand or contract without 


weakening the structure Fig 8.15. 


ROOF TRUSS 


ROLLERS 


LATTICED 
PILLAR 


«—— 


Fig. 8.16 A steel-framed roof showing roller arrangements 
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Large steel-framed roofs such as shown in Fig. 
8.16 expand and contract with changing tempera- 
tures, and, to allow for this, one end only is fixed, the 
other resting on either a rocker or a roller. 


6. Expansion of glass. When hot water is poured 
into a thick glass tumbler the inside expands rapidly. 
The outside of the glass, however, does aot expand 
at the same rate, because the heat takes some time to 


pass through the glass (it is a poor conductor of heat). 


The result is that a strain is produced in the glass 
which makes it crack ; and so take care never to pour 
hot water into a thick glass vessel. 


Nowadays, a type of glass known as Pyrex is 
used for making glass vessels such as beakers and 
flasks used in the laboratory. This material expands 
only slightly on heating, and so vessels made of such 
materials can hold hot liquids without cracking. 
Vitreosil and quartz are other substances having the 
same property as Pyrex. They are used in making 
cooking utensils. 


The filaments inside electric-light bulbs must be 
connected to the outside wiring for the lamp to be 
used, and this means that the wires must pass through 
the glass. For this purpose a substance must be found 
for the filament which would expand to the same 
extent as glass to prevent cracking from unequal 
expansion. Platinum may be used, but it is expensive. 
An alloy of nickel and steel (45% nickel) has been 
found suitable which expands at the same rate as 
glass, It is known as platinite. 


7. Compensated pendulums. The time kept by 
the swinging of a pendulum depends on the length of 
the pendulum. If, therefore, the pendulum wire ex- 
pands or contracts owing to changes in temperature 
it is clear that the pendulum will not always keep 
correct time. There are devices whereby this can be 
remedied. For instance, a metal known as invar can 
be used for making the pendulum. The length of this 
metal changes very little with changes in tempera- 
ture, In fact, it will require a large rise or fall in 
temperature to change its length to any appreciable 
extent. Other methods are used, and you will come 
across these in higher classes. 


8.11 EXPANSION OF LIQUIDS (FLUIDS) 


A Fill the flask to the brim with the col iqui 
Fit in the rubber bung so that a good it hare 
glass tubing is outside the flask, Add a bit of the 
coloured liquid until the length of the liquid shows in 
the glass tubing. With the aid of a paper scale fixed 


on the tubing (Fig. 8.17) mark the original level of 
the liquid in the tubing. Now place the flask inside a 
hot-water bath. Watch the level of the coloured liquid 
in the tubing. What do you notice ? 


Allow the apparatus to cool down and note what 
S. ' 
GLASS TUBE 


—— SCALE 


Fig. 8.17 A liquid expands on heating 
You will notice that, on heating, the level of the 
coloured liquid first falls and then goes on rising 


steadily until it overflows, On cooling, the liquid falls 
to its original level. 


The level of the liquid first falls, because the 
glass flask, being first affected by the heat, expands, 
providing more space for the liquid. The continuous 
rise of the liquid that follows shows that the liquid is 
expanding as it also is being heated. 


The fall in the level when the apparatus is cooled 
shows that the liquid contracts on cooling, 


WATER SEG] 
«BATH. WATER. KEROSENE 


PALM OIL 


Fig. 8.18 Comparison of expansion of different 
liquids. 
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Take three flasks. Fix each flask as described in 
the last experiment and arrange them as shown in the 
diagram (Fig. 8.18). One flask contains water, 
another kerosene and the third palm oil. Mark the 
initial levels of the liquids and then the final levels, 
after they have remained for a few minutes in a water 
bath whose temperature does not exceed 65°C. 


(Why is it not advisable to go beyond this 
temperature ?) 


You will notice the original fall in the level of 
each liquid and the continuous rise that follows it. 
There is a rise in each case, but the final levels of the 
liquids in the tube are not the same. This shows that 
while all liquids expand on heating, they expand to 
different extents. 


Try toarrange the three liquids used in the above 
experiment in the order of their expansion. 


Below is given a list of liquids in order of the 
extent to which they expand. 


Suppose a volume of mercury expands by IC.C 
when heated through 50°C, then the same volumes 
of the following liquids will expand by the amounts 


Shown against them when heated through the same 
temperature ; 


Alcohol 6.0 cc approximately 
Turpentine 4.8 cc approximately 
Kerosene 


4.4 cc approximately 
Tt must be noted that for the same rise in 
temperature, liquids expand more than solids. 


WATER 


MIXTURE OF 
ICE AND SALT 


If V; is the volume of a given mass of a liquid at 
temperature T; and if V; is its volume at temperature 
T;. 


We have, 3 

Change in volume = V;— V, = Vi y (T2- T) 
where yis the coefficient of cubical expansion of the 
liquid. 

Thermal expansion of mercury is utilized in 
making thermometers. Mercury has the following 
distinct advantages over all other liquids for this 
purpose : 


1. Itcan be'seen easily through glass, 


2. It does not wet its container, i.e., when 
mercury rises to a level in the tube and then 
falls to a lower level it does not leave drops 
on the tube as water does. 


3. Itcan be used for a large range of tempera- 
tures, as it melts at—39°C and boils at 357*C., 


4. Its expansion is uniform. 


5. It quickly assumes the temperature of any- 
thing with which it is in contact. 


8.2 CHANGE OF STATE 


You have learnt that matter exists in three states, 
namely, solid, liquid and gas. You have also learnt 
that matter can be changed from one state into 
another. The following experiments illustrate what 
happens as one state is changed into another. 


Fig. 8.19 Apparatus to demonstrate the existence of latent heat. 
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(a) Place the first conical flask inside the vessel 
containing the mixture of ice and salt and erect a 
thermometer vertically in the flask [Fig.8.19 (a)]. 
Take the temperature at one-minute intervals until 
the temperature reaches about —3° C. Draw a graph 
of temperature along the y-axis against time along 
the x— axis. 


Record what you notice about the water. 


(b) Weigh the second flask with some water in 
it. Place it on the bunsen flame [Fig 8.19 (b)] and start 
taking the temperatures at intervals of one minute 
until the water has boiled for five minutes. Draw a 
graph in the same way as in (a) above. 


(c) Now cool the flask and weigh it again with 
the water inside. Record your readings and your 
observations in the following manner : 


(b) 
Temperature (?C) 
of water being 


(a) 
Temperature (°C) 
of water being 


cooled heated 


Weight of beaker 4- water before heating 


Weight of beaker + water after heating = 
[Loss in weight of water = 


g 


eo 


TEMPERATURE "C 


TIME (min) 
(a) 


TEMPERATURE °C 


Fig.8.20 (Graph to show the existence of latent heat) 
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You will observe that in (a): 


(i) as the water is cooled, the temperature goes 
down along a smooth curve to 0°C, where it remains 
the same for a long time before it starts going below 
0°C [see Fig. 8.20 (a)] ; 


(ii) at the end of the experiment the water has 
turned to ice. 


Notice that in (b) : 


(i) the temperature rises uniformly along a 
smooth curve until it gets to around 100°C, where it 
remains without rising any further [see Fig. 8.20 (b)]. 


(ii) the wight of the water at the end of the 
experiment is less than it was before heating started. 


Explanation : (a) The temperature of the water 
remains at 0°C, during the period that the water is 
changing from water into ice and does not go below 
0°C, until all the water has frozen. During the process 
heat is being lost from the water, but the thermometer 
does not show this. Such heat is ‘invisible’ heat and 
is known as latent heat of fusion of ice. When any 
liquid changes from liquid to solid it is said to be 
losing its latent heat of fusion and there is no change 
of temperature during the period of change. 


The quantity of heat required to completely 
change 1 kg of a solid to liquid at its melting point, 
without any change in temperature, is known as 
oien heat of melting or latent heat of fusion of the 
solid. 


.,, 10 change 1 kg of ice at 0°C to 1 kg of water, 
still at 00C requires 334. x 10°J or 334 kJ. To change 
1 kg of water at 0°C to 1 kg of ice at 0°C, 334 kJ must 
be removed. The latent heat of fusion of water is 
334 kJ/kg = 80 cal/g. 


100L... _ 


——— —À—— UD fü I tuo a 
TIME (min) 


uj, 


(b) The temperature of the water remains at 
about 100°C during the period that the water is 
changing from water into steam and does not rise 
beyond it until all the water has changed into steam. 
Heat is being given tc the water during the process, 
but the thermometer does not show it. This again is 
‘invisible’ heat and is called latent heat of vaporisa- 
tion of water. When any liquid changes from liquid 
into gas it is said to be absorbing latent heat of 
vaporisation and there is no change of temperature 
during the process. 


Each kilogram of water vaporized requires 2.26 
million joules. When water vapour condenses, a cor- 
responding amount of energy, 2.26 million joules per 
kilogram, must be given to the surroundings. The 
latent heat of vaporization of water is the quantity 
of heat required to completely change 1 kg of water 
to water vapour at its boiling point (100°C), without 
any change in temperature. 


Its value is 2260 kJ/kg at the boiling point. 


(c) In the second experiment some of the water 
has changed into steam, hence the weight of the water 
ter heating is less than it was before heating. 


, The temperature at which a solid changes into a 
liquid is know as the melting point of the substance, 
and the temperature at which a liquid changes into a 
a IS known as the boiling point of that substance. 

ertain Substances such as water and several salts 
haye sharp boiling and melting points, and they are 
even identified by these values, while others, such as 
candle wax, do not have such a definite melting point. 


If Ldenotes the latent heat of a substance of mass 
a en it will need mL heat for its complete change 
State, 


The latent heats play an important part in the 
Weather on earth. Large bodies of water not only have 
a large capacity for heat storage, as they vaporize 
during hot weather, there is a cooling effect on the 
Surroundings, In cool weather, freezing is slowed be- 
Cause of the necessity to remove the latent heat of 
fusion, Both processes have a stabilizing effect on the 
temperature in the surrounding area. Also, when 
Water vapour condenses to form a mist, the latent heat 
goes to the surroundings and a slight warming effect 
can be noted. Similarly, the latent heat of fusion is 
Teleased when snowflakes are formed, and a notice- 
able warming occurs just before snow falls on an 
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otherwise cold winter day. 


The large amount of energy released when steam 
condenses also explains why burns caused by steam 
are often much more severe than bums caused by 
even boiling water. 


The human body continually produces heat B 
even in the resting state the average person produces 
heat at a rate of about 90 J/s. When you are using 
energy to do work, even more heat is produced. This 
heat must somehow be carried to the environment. In 
dogs, which do not have glands for sweating and 
often have too thick a coat to allow sufficent heat 
transfer to the surroundings ; the principal method of 
heat loss is through breathing. The dog pants in order 
to increase the amount of exhaled vapour and hence 
the rate of heat loss. 


*Can a liquid turn into a gas without boiling ? 


If you weigh a beaker of water and leave it on 
the table overnight, then re-weigh it the following 
morning, you will notice a loss in weight showing 
that some of the water has escaped into the air during 
the night. This change of water into vapour without 
the application of heat to it is known as evaporation. 
This is well illustrated when you leave damp clothes 
spread out in the air to dry. In the same way, the 
waters of the oceans, lakes and rivers evaporate 
slowly at all temperatures. 


The rate of evaporation depends on several fac- 
tors : 


1. The area of the surface exposed. A wet piece 
of cloth would dry much more quickly if spread out 
than if left folded. A large surface area aids evapora- 
tion. 

2. The temperature of the liquid. A wet piece of 
cloth dries much more quickly on a hot, sunny day 
than on a cold, wet one. 


3. The wind. A wet piece of cloth would dry 
much more quickly on a windy day than on a calm 
day. The wind helps to remove the vapour as it is 
formed. 


4. The dryness of the atmosphere. When the 
atmosphere is laden with moisture, the rate of 
evaporation decreases ; but when it is dry the rate of 
evaporation is quickened. Hence wet clothes dry 
more quickly in dry air than in damp air. 


5. The nature of the liquid. If you place equal 
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quantities of ether, alcohol, petrol, water and palm oil 
in identical vessels exposing equal areas of their 
surfaces to the air you will find that they will 
evaporate at different rates, the ether having the 
highest rate of evaporation. Thus, different liquids 
evaporate at different rates. 


*Evaporation produces cooling 
Try the following experiment : 


Make a small pool of water on a matchbox. 
Stand on it a beaker containing some ether. Using a 
glass tube, blow some air through the ether (Fig. 
8.21). Continue to blow until all the ether has 
evaporated. Touch the sides of the beaker. Also try 
to lift up the beaker. What do you notice ? 


You will observe that the sides of the beaker will 
grow cold and wet within a few seconds. You will 


also see that when you try to lift the beaker the 
match-box comes up with it. 


As air is blown through the ether, the ether 
evaporates very quickly. In evaporating (/.¢., chang- 
ing from liquid into vapour) it absorbs latent heat of 
vaporisation from the surrounding air and from the 
water underneath the beaker. Thus, the water vapour 
in the air condenses on the side of the beaker and the 
water underneath it gets so cold that it freezes (i.e., it 
turns into ice). This makes the beaker stick on to the 
match-box and it becomes difficult to separate them. 


Using the Molecular Theory of Matter we can 
say that the faster molecules on the surface are able 
to escape from the attraction of the molecules below 
them and so tum into vapour, leaving the slower 
molecules behind. And since the temperature of a 
body is a measure of the rate of movement of the 


í 


— —— GLASS TUBE 


BEAKER 
ETHER .. 


-— — MATCH BOX 
Fig (8.21) 


(Evaporation causes cooling) 
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molecules, it is therefore clear that the liquid left 
behind, consisting of slower-moving molecules, 
would be cooler. Thus, evaporation causes cooling. 


There are numerous practical applications in 
everyday life based on the phenomenon that evapora- 
tion causes cooling. Some are mentioned below : 

(i) Water in an earthen pot or surahi becomes 
cooler because an erthen pot has a large num- 
ber of extremely small pores. Water comes out 
through them and evaporates from the sur- 
faces, cooling the whole system. The latent 
heat required for evaporation is taken from the 
water in the earthen pot. 


Gi) 


During summer, we perspire and evaporation 
of perspiration helps to cool our bodies. 

(ii) Evaporationof water from the treeskeeps them 
cool during summer months. 


8.13 RELATIVE HUMIDITY 


Evaporation is continuously taking place from 
the surface of water of the ponds, lakes, the rivers and 
the sea and millions of tons of water is drawn up into 
the atmosphere in the form of vapours every minute. 
Soa very large quantity of water is in the atmosphere 
in the form of vapours. The presence of water 
vapours can be shown by putting pounded ice in a 
tumbler. Soon it is noticed that the water vapours get 
Condensed on the outer surface of the tumbler. 


The amount of water vapours present in the 
atmosphere is not a constant quantity but it is dif- 
ferentat different places and at a particular place also 
It is different at different times. It depends upon the 
local conditions prevailing at a place. The actual 
amount of water vapours present in 1 m of the 
atmosphere is called the absolute humidity. 


., The absolute humidity isof no use to us because 
itis just possible that the actual amount of the vapours 
Present in the atmosphere on a summer day may be 
greater than the amount of the vapours present on a 
lie e and the former would be drier than the 
dE bai knowledge of absolute humidity is not 
EET nt to find out the dryness or dampness of 
sphere. Thus to know the exact condition of 
dryness or dampness of the atmosphere we should 
know (i) the amount of water vapours actually 
Present in the air, and (ii) the amount of water 
vapours required to saturate it at the same tempera- 
ture. The ratio between the two is called Relative 
Humidity. 237 


The Relative Humidity is defined as the ratio 
of the actual amount of water vapours present in a 
certain volume of air to the amount of water vapours 
required to saturate the same volume at the same 
temperature. 


Relative Humidity — 


Amount of water vapours in a certain 
volume (v) of air 


Amount of water vapours required to 
saturate the same volume (v) at the same 
temperature. 


If at a given temperature a metre cube of air 
holds m kg of water vapour when it could hold m; kg 
on saturation, then 


Relative Humidity (R.H.) — "s x 100% 

It is clear that R.H. is less than one so we 
generally multiply the ratio with 100 and express it 
as percentage humidity. 

If R.H. is high, we feel sultry, clothes do not dry 


easily. Temperatures between 22°C and 25°C with a 
R.H. value of about 5096 are considered comfortable. 


The process of regulating the temperature 
humidity, purity and circulation of air is called air 
conditioning. 


SOLVED EXAMPLES 
Example 1. 
Convert —273?C to Fahrenheit scale. 
Solution : 
Res? NT 
Now E 100 


where F is the reading on the Fahrenheit scale and C 
is the reading on the Celsius scale. 


F-32 _ -273 
180 — 100 


or F=—459.4°F 


Example 2. 
Convert 98.4? F into °C. 


Solution : 


F-32 C 
180 ^ 100 
984-32 C 
180 ~ 100 

or C - 36.8*C 


Example 3 


At what temperature does the Fahrenheit Scale 
Show the same reading as the Celsius Scale ? 


Solution : 
Let Bx 
F-32 (C 
HOS eap. 100 
25392 exe 
180 ^ 100 
-Or x =- 40°F =- 40°C 
Example 4. 


A bar 0.5 metre long is heated from 14°C to 
98°C. If the increase in length is 0.7 mm, find the 
coefficient of linear expansion. 


Solution : 

L =0.5m 

Increase in length = 0.7 mm = 0.0007 m 

Rise in temperature = 98-14 = 84°C 
a=? 


Here, 


Now coefficient of linear expansion a 


$ Increase in length 

- Original length x rise in temp. 
...0:0007 

- 05x84 

= 0.000017/C 


Example 5. 


A scale made of iron is exactly a metre in length 
at 20°C. What will be its length at 40°C ? Coefficient 
of linear expansion of iron is 12 x 10% per °C. 
Solution : 

Here, Ly = 1m 


a = 12x 10 per °C 


Rise in temperature = t = 40 — 20 = 20°C 
Lio=? 
Now, 
Lio = Lol] + a(40 — 20)] 
Ly =1[1+12x 10° x 20] 
=1[1+24x107] 
= 1.00024 m 
Hence the length of the iron scale at 40°C will 
be 1.00024 m. . 
Example 6. 


Calculate the energy required to heat 1 kg of 
water from 20°C to 100°C. Specific heat of water is 
4180 J/kg °C. 


Solution ; 
Here, m-lkg 
C= 4180 J/kg °C 
T = (100-20) = 80°C 
Q=? 
Since Q=CmT 
Q=4180x1x 80) 
= 334400 J 
= 3.344 x 10°), 
Example 7. 


When 0.2 kg of brass at 100°C is dropped into 
0.5 kg of waier at 20°C, the resulting temperature is 
23°C. Find the specific heat of brass, Specific heat of 
water is 4200 J/kg °C. 


Also determine the thermal Capacity of brass. 
Solution : 

Here, mass of brass = m; = 02 kg 

Temperature of brass = T; = 100°C 

Mass of water = m,= 0.5 kg 

Temperature of water = T; = 20°C 

Resulting temperature = Te = 23°C 

Specific heat of water = C, = 4200 J/kg°C 

Let specific heat of brass = Ge? 


| 
| 
| 
| 


Heat lost by brass = m,C,(T, - Tc) 
= 0.2 C, (100 - 23) 
=0.2x 77C, 
Heat gained by water = m; C; (Tc - T) 
= 0.5 x 4200 (23 — 20) 
=0.5 x 4200x 3 
According to the principle of calorimetry, 
Heat lost = Heat gained 
or0.2x 77x C,=0.5x 4200x 3 


c, = 05x4200x3 
pan O2 


2041x 10? J/kg°C 
Thermal capacity of brass = m,C, 
= 0.082 x 10? J. 
Example 8, 


J/kg?C 


_ When 500 g boiling water is poured into a mug 
which weighs 0.15 kg, the temperature of water falls 
to 70°C. If the specific heat of the substance of the 
mugis0.8 x 10? J/kg°C, calculate the amount of heat 
lost by water. Specific heat of water = 4200 J/kg?C. 


Solution ; 
mass of boiling water = m, = 500 g = 0.2 kg 
mass of mug = m; = 0.15 kg 


T = Fall in temperature of the boiling water 
= 70°C 


C2 = Specific heat of mug = 0.8 x 10? J/kg°C 
C; = Specific heat of water = 4200 J/kg?C 
Heat lost by water = ? 

Now, Heat lost by water = Cm,T 


= 4200x 0.2 x 701 
= 58800 J 
= 5.88 x 104 J. 


Example 9. 

How many joules are required to change 2 kg of 
ice at 0°C to water at 0°C ? Latent heat of fusion of 
ice = 334 kJ/kg. 

Solution : 
Here, mass of ice = m = 2 kg 
Latent heat of fusion of ice = L = 334 kJ/kg 
Q=? 
Since Q=mL 
Q=2 x334 
= 668 kJ. 


Example 10. 


Air at 25°C has a relative humidity of 75%. A 
metre cube of air holds 17.6 g of water, how much 
amount of water vapour could it hold on saturation. 


Solution : ` 
Here, R. H. = 7596 
m=17.6g 
ms =? 


Since R.H. = x 100% 
ms 


75. 17$ x 100 
ms 
17-6 Ea 
or m= 75 x 100 = 23.7 g, 


SUMMARY 


The sensation of hotness or coldness is not only relative but it also depends upon the nature of the 
body we touch. 
The thermal energy (or heat energy) of a material is the mechanical energy (potential and the kinetic 
ud Of its particles that can be evolved as heat. 
ermal energy which is being tak b terial, bei by a material, or bein, 
g taken up by a material, ng given up by " g 
transferred from one material to another is heat. 
The temperature of a body is a measure of its ability to give up heat to, or absorb heat from, other 
ies. It is thus a property which governs the flow of heat. It expresses the degree of hotness or 
coldness Possessed by a body. 
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17. 
18. 


19. 
20. 


21. 


Calorie, kilocalorie and joule are the various units of heat. In S.L system, heat is measured in joules. 
Specific heat of a substance is the thermal energy required to heat 1 gofa substance through 1°C. 
The unit of specific heat is cal 1/g °C. 
In terms of joule, specific heat of a substance is defined as the quantity of heat (in joule) required to raise the temperature 
of 1 kg of the substance through 1 °C. In this case, its unit is J/kg °C. 
4186 joule of mechanical work will always produce 1 kcal of heat. The ratio 
equivalent of heat 

1 kcal = 4186 joule 
or 1 cal = 4.186 joule = 4.2 joule 
The amount of heat gained or lost by a substance is given by 

Q=CmT 
Thermal capacity of a body is the amount of energy needed to raise the temperature of the whole 
body by 1 °C. 
Y Thermal capacity = mC 
" It is measured in joule. 

Principle of calorimetry : 


Heat lost = Heat gained 
The state when no heat flows from one body to another when they are brought in contact with each 


other is known as the state of thermal equilibrium. In a state of thermal equilibrium, the heat given 
off by hot substances equals the heat received by cold substances. 


mp _ Cama TA Cg mp Tg 
Equilibrium Temperature Tc = aan Capit Ga hia 


All solids expand on heating and contract on cooling but the extent to which they expand or contract 
is different for different solids. Expansion and contraction of substances, sometimes cause us trouble 
or even danger, and so we have to devise ways of avoiding these difficulties. 


When a solid is heated, it generally expands equaly in all directions. This change in the dimensions 
of a body on heating results in the increase in length, area and volume of a body. 


Theincreasein length is called linear expansion, the increase in area is called superficial expansion and the increase in 
volume is called cubical expansion. 


Linear Expansion : 
Change in length = L- Lo = Loat 


4186 — 
Tcal J, mechanical 


L-Lo 
Lot 


Coefficient of linear expansion = a = 


Final length 2L, = Lo 1 4 at] 

Superficial Expansion : 

Change in area = St - So = Soft 

Coefficient of superficial expansion = p = m 
Final area = S, = So [1 + Bt] 

[ES 

Cubical Expansion : 

Change in Volume = Vt- Vo = Vo yt 

Coefficient of cubical expansion = y= n 
Final Volume = Vt = Vo [1 + yt] 

y=3a 

Coefficient of linear expansion of a solid is the increase in length unit length at 0 °C of the 
solid when its temperature is raised through 1 °C. Ps engin a 9 

Its unit is per degree centigrade (/°C). 

The phenomenon of change of state from the solid to the liquid is called fusion or liquefaction 
Whereas the phenomenon of change of state from the liquid to the gaseous or vaporous state is called 
vaporisation, 
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The quantity of heat required to completely change 1 kg of a solid to liquid at its melting point, 
without any change in temperature, is known as the latent heat of melting Latent heat of meiting 
of ice is 334 k J/kg (or 80 cal/g). 

Latent heat of vaporisation of a substance may be defined as the quantity of heat required to convert 
1 kg of the substance from the liquid to the gaseous state, temperature remaining same. 


The temperature at which a solid changes into a liquid is known as the melting point of the substance, 
and the temperature at which a liquid changes into a gas is known as the boiling point of that 
substance. 


Change of liquid into vapour without the appliciion of heat to it is known as evaporation. It takes 
place at all temperatures and it always causes cooling. 


The rate of evaporation depends on (i) the area of the surface exposed, (ii) the temperature of the liquid, (ili) the wind, 
(iv) the dryness of the atmosphere, (v) the nature of the liquid. 


Water vapours are always present in the atmosphere. At any given temperature, air cannot hold more 
than a definite amount of water vapour. When air holds this maximum amount of water vapour, it 
is said to be saturated. 


With increasing temperature, air can hold more water. 


If at a given temperature a metre cube of air holds m kg of water vapour when it could hold mg 
kg on saturation, then s 


R.H.- x 100% 
Ms 


QUESTIONS 


» Objective Type Questions 


A temperature of -20°C is the same as the temperature of °F. 

The unit of heat as a form of energy is — — 

The averagetemperatureofa human bodyis — — ?C. 

The unit of coefficient of linear expansion is — x 

If 150 cal are added to 1m3of water at 100 °C and standard pressure, the temperature of the water will 


(a) increase 
(b) decrease 
(c) remain the same. 


The SI unit of specific heat of a substance is 
Q= 
Latent heat of fusion of ice is 334 whereas latent heat of steam is2260 ^ ^ attheboiling point. - 
The unit of thermal capacity of a body is 

Specific heat of water is 4200 

Thermal capacity of a body = mass of the body x 

A body has a mass of 0.1 kg and its specific heat is 420 J/kg °C, its thermal capacity is 

1 calorie = J 

0.03 cal/g °C = Sayre 


a = Increase in length 


xmx 


Joule/k cal is the unit of 


R.H.=— x 100%. 
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Which of the following statements about water is (are) true ? 

G) Water gives out heat when it is changing to ice at 0°C. 

Gi) Water evaporates only at 100°C. 

(iii) Water has very low specific heat. 

The following are five common liquids which could be found in a physics laboratory : 
(a) water (b) mercury (c) alcohol (d) ether (e) oil 

Which one of the five liquids mentioned 

G) evaporates most easily at room lemperature ? 

Gi) has a specific heat of 4200J/kg °C ? 

(ii) is used in a thermometer suitable for human bodies ? 

Which of the following units listed for the quantities below is (are) correct ? 

(i) Specific heat : Ikg! °C- 

Gi) Latent heat : J kg! 

Gii) Coefficient of linear expansion : Scl 

"The ice-point is chosen as one of the fixed points of a thermometer scale because 
(A) the mercury level is at its lowest point when the thermometer is placed in ice. 
(B) it is an accurate, easily reproducible temperature. d 
(C) it is the coldest temperature that can exist. 
(D) all ice has a temperature of 0 °C. 
(E) ice has zero heat energy. i 


' When a metal plate, with a square hole at its centre, is heated uniformly the square hole will 


(i) become rectangular in shape and increase in size. 

(ii) become rectangular in shape and decrease in size. 

(iii) remain square and remain the same size. 

(iv) remain square and decrease in size. 

(v) remain square and increase in size. 

A bimetallic strip of brass and invar which is straight at room temperature will become curved when 
(i) a current is passed through it for some time. 

(ii) it is placed in a deep freezer unit for some time. 

(iii) it is placed in a hot oven for some time. 


Taking the specific heat of watertobe4200] kg! C^, theamount of heat Tequired to raise the temperature 
of 0.15 kg of water from 15°C to 25°C is : 


(i) 630J  (ii)6300J  (1)9450]  (v)12600] (v) 15750 J. 


An uncalibrated thermometer placed alongside a mm scale has the 


mm and the 206 mm marks respectively. When the mercury level in t| 
mark on the scale the temperature is 


[A] 40 °C [B] 47 °C [C] 48*C [D] 50°C [E] 100°C 
When an object is heated, the molecules that make up the object 


(i) begin to move faster 
(ii) lose energy 

(iii) become heavier 

(iv) become lighter. 


(Choose the correct answer) 
Heat energy of an obiect is 
(i) the average energy of the molecules of the object 


ice and steam points opposite the 6 
he thermometer reaches the 100 mm 
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(ii) the total energy of the molecules of the object 
(iii) the average velocity of the molecules of the object 
(iv) the average potential energy of the molecules of the object. 
(Choose the correct answer) ` [Hints : (i)] 
Iron and brass are two objects. The temperature of iron is greater than that of brass. This means that 
(i) the molecules of iron are moving faster on the average than the molecules of brass. 
(ii) the total energy of iron is greater than the total energy of the molecules of brass. 
(iii) the average potential energy of iron is greater than the average potential energy of brass. 
(iv) the heat content of iron will always be greater than that of brass. 
(Choose the correct answer) [Hints : (ii)] 
Two blocks of lead, one twice as heavy as the other, are both at 50 °C. The ratio of the heat content of the 
heavier block to that of the lighter block is (a) 0.5 (b) 1 (c) 2 (d) 4. 
(Choose the correct answer) 
The quantity of heat required to change the temperature of 1 kg of substance by 1 °C is called its 
(a) specific heat 
(b) the total energy 
(c) the latent heat 
(d) heat of fusion 
(e) thermal capacity, 
When a vapour condenses into a liquid 
() it absorbs heat 
Gi) it evolves heat 
(ii) its temperature rises 
(iv) its temperature drops. 
A 20 kg storage battery has an average specific heat of 0.2 kcal/kg °C. When fully charged the battery 
Contains 2 kcal of energy. If the entire energy were used to raise the temperature, its temperature would 
increase by 
à) 20°C 
(i) 200°C 
Gii) 0.5°C 
(iv) 0.2°c. [Hints : (iii)] 


B. Very Short Answer-Type Questions : 


1, 
2. 
3. 


6. 


What is coefficient of linear expansion ? 
Does the coefficient of linear expansion depend on the unit of length used ? 


A brass disc fits in a hole in a steel plate at 20°C, In order to make the disc drop out ofa plate, should the 
disc and plate combination be heated or cooled ? 

G) What is a kilocalorie ? 

(i) Name the physical quantity which measures the degree of hotness or coldness in a body. 
Git) What is the unit of heat in SI system ? . 

(v) Which property of matter is used in making a -liquid thermometer ? 

(v) How many joules of mechanical work produce 1 calorie of heat ? 


(vi) What is the lowest possible temperature on the celsius scale ? 
(vii) What is the thermal capacity of 1 kg of water ? 


What is a calorie? 
What is a joule? 
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What is thermal capacity of a body ? 
Give a word definition for specific heat ? 
What is the formula which defines specific heat ? 
What is the principle of calorimetry ? 
How is the amount of heat required to produce a given temperature change in a substance calculated ? 
What change of state is called fusion? 
What name is given to the temperature at which fusion occurs ? 
What is latent heat of a substance ? 
Define latent heat of fusion of water, 
Define latent heat of vaporization of water. 
Give the unit of latent heat of a substance. 
What is temperature ? 
What is a thermometer ? 
Define ‘heat’. 
What is meant by thermal equilibrium ? (A.I.S.S. 1986) 
What is meant by thermal energy ? 
Define mechanical equivalent of heat. 
Define specific heat of a substance.(A.I.S.S. 1986; 
What is equilibrium temperature ? 
What is evaporation ? 
Define relative humidity ? 
How large is the specific heat of water ? 
What temperature change takes place during a change of state ? 
Mention three factors that affect evaporation. 
What is meant by steam point ? 
What is meant by ice point ? 
Mention the names of two useful devices based on linear expansion of solids. 
What formula can be used to convert Celsius temperature to Fahrenheit temperature ? 


What is the relationship between coefficient of cubical ex: 
expansion ? 


How are quantities of heat measured ? 


pansion of glass and its coefficient of linear 


[Hints: Quantities of heat are measured by the effects they produce]. 
Define coefficient of cubical expansion. 


Name one liquid which is a good conductor of heat. [D.B.S.E.1985]. 
State two uses of latent heat of ice. [A.1.S.E.1983 Compt. ]. 
What is the unit of specific heat?  [A.[.S.5.1986] i 
(i) What is the freezing point of water on the Fahrenheit scale and on the Celsium scale ? 
[A.LS.S. 1986] 


(i) What is the temperature of steam on the Celsius scale ? 
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42. A metal plate has a circular hole. Will the diameter or the hole increase or decrease on heating this 


plate? [A.1S.S.1986] 


C. Short Answer Type and Essay Type Questions 


1. 
2- 
- 3: 


Why is mercury the best liquid for a thermometer ? Why is water considered unsuitable ? 
Name two scales of temperature and state the upper and lower fixed points of each. 
Draw and label fully a clinical thermometer. 


Why is a clinical thermometer not sterilised in boiling water like the other instruments used in the 
hospital? 


What makes it still possible for this thermometer to register the temperature of the body afterit has been 
taken out of the mouth or armpit ? 


The following readings were obtained in an experiment : 


Draw a conversion graph for the Centigrade and Fahrenheit thermometers. From your graph read the 

following : 

(a) in °F ; 30°C ; 55°C ; — 10°C ; — 20°C ; 0°C. 

(b) in °C ; 77°F ; 203 °F ; 30°C ; 14°F ; 0°F. 

Give one experiment to show that solids expand on heating and one to show that all solids do not expand 

to the same extent on heating. Illustrate with diagrams. 

A compound bar is made of iron and brass. When the bar is heated, what side will be bent ? Mention one 

Practical application based on this principle. 

How would you show that a liquid expands on heating ? 

Answer the following questions : 

(a) Why are gaps left between railway lines ? 

(b) Why are concrete roads marked off into blocks and the cracks filled with tar ? 

(c) When a glass stopper sticks to the bottle so that it is difficult to remove, what would you 
do to remove it easily and why ? 

(d) Why is it impossible to seal a brass wire into a glass rod while it is possible to seal a 
platinum wire into it ? 

(e) Would a single large sheet of copper or aluminium be satisfactory to cover one-half of the 
roof on a house ? 

(f) Which is more likely to break when put in boiling water and why : a thick glass vessel 
or a thin one ? 

(g) When electric wires are being strung on poles on a hot day, should they be drawn very 
tight or be allowed to sag ? Why ? 

How would thermometer readings be affected if equal volumes of mercury and glass expanded equally 

when raised through the same temperature ? 

Is it true to say that all liquids expand to the same extent when heated ? Ilustrate your answer with an 


experiment. 
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10. 


11. 


12, 


13. 


14. 


16. 


17. 


19. 


AB 

4 

AM 

4 

/ " 
[AJ CONTACT SCREW = 
4 > BATTERY 
7 BIMETALLIC m2 
A STRIP 

% 

A 

4 


ELECTRIC 
BELL 


Fig. 8.22 


The time recorded by a pendulum depends upon the length of the pendulum. Should changes in the 
weather affect the time? In what way will it be affected ? 


The time recorded by a watch depends on the radius of the balance wheel. Would changes in th th 
affect the time ? In what way will it be affected ? E ira 


Figure 8.22 consists of a bimetallic strip AB with a contact screw almost touching it. Both are connected 
to an electric bell and a battery. Explain how the arrangement can be used as an automatic switch (i.e., a 
switch operating at a particular temperature). Suggest materials for A and B, the components of the 
bimetallic strip. 


A motorist stopped ata petrol filling station and had cold water added to the radiator of his car. 
Erud 120 km and stopped. He noticed that water was dripping from the overflow ripe Sierras 
lain. 


Mention some of the practical applications of 
G) expansion of solids 

(ii) expansion of liquids. 

Define : 

(i) Linear expansion of a solid 


(ii) Temperature 
(ii) Heat or Thermal Energy 


Explain : 
Why cheap clocks run slow in summer and fast in winter, 
Define : t 
ovens of superficial expansion and coefficient of cubical expansion and Prove that 
Mention the units of 
(i) Heat (ii) Coefficient of linear expansion (ij i eR i 

elite, df ential peloira agonal (iii) AR Of superficial expansion (iv) 
(a) Distinguish between heat and temperature, 
(b) Name the instrument that measures tem; 

i perature, 

(c) Is the coefficient of linear expansion different for different solids ? 


(5) What 

Hi ae the pes g n which te quantity of heat communicated to a substance (which 
What is heat ds pends : 
. ? Give the units of specific heat in the epu. system and SI system of units. 
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21. 


22. 


23. 


24. 


26. 


21. 
28. 
29. 
30. 
31. 


92; 


(c) 


(a) 
(b) 


Define : (i) calorie (ii) Kilo-calorie (ii) joule (iv) Specific heat of a substance (v) Thermal 
capacity of a body. 
What is the Principle of Mixtures or Principle of Calorimetry ? 


Define : Latent heat of a substance ; Latent heat of fusion of ice and Latent heat of 
vaporisation of steam. 


Distinguish between 


G) 
(ii) 
(ii) 
Gv) 
(8) 


(b) 


Fusion and Vaporisation 
Melting and Boiling 
Evaporation and Boiling 

Melting point and Boiling point 


What are the factors upon which evaporation depends ?: 


‘Evaporation causes cooling’. Explain this statement and give one experiment to demonstrate 
that evaporation causes cooling. 


Give reasons for the following : 


(i) 


Gi) 
Cii) 


(iv) 
(v) 
(vi) 
(vii) 
(viii) 


Why does ice appear colder than ice-cold water and steam appear hotter than boiling 
water ? ; 

Why is latent heat of steam so high as compared to ice ? 

Why does an earthen pot keep water cool in summer ? - 


OR 


Water in an earthen vessel attains a lower temperature than the room x 
[A.LS.S. 1986] 
Why is water used in hot water bottles for fomentation ? 

Why do dogs hang out their tongue in summer ? 

Why is calorimeter placed in a wooden box ? 

Why does temperature fall below 0°C when common salt is added to ice ? 

Can water be made to boil without heating it ? 


Write down the values of the following : 


LH. of water = 
LH. of steam = .. 
Melting point of ice = .. 
Boiling point of water — i 
How many joules of mechanical work produce 1 calorie of heat ? (ALSE. 1982) 
Is the specific heat of ice greater than that of water ? 

What is the meaning of the statement that the specific heat of lead is 0.03 cal per gm per 
SE. 


Why does the latent heat of vaporization vary with the boiling temperature ? 
Why does steam at 100? C produce a more severe burn than water at 100 °C ? 
Why does an easily vaporized liquid such as ether feel cool to the skin ? 

Why is ice at 0°C more effective in cooling than water at 0°C ? 


(a) 


(b) 
(a) 
(b) 
(c) 


Can we develop a device based on our sense of touch to measure temperature of a 
Wis peda the first thermometer ? What was its principle ? Explain. 

How would you demonstrate the presence of water vapour in the atmosphere ? 

When does air become saturated ? Define the term relative humidity. 

How do we feel when the relative humidity is high ? At what percentage humidity do we 
feel comfortable ? 
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333 


35. 


36. 


Bie 


Set up an activity to study the heating of ice and water and hence define latent heat of melting and latent 

heat of vaporization with the help of a graph. 

Explain the following : 

G) Why are sparks seen when a piece of metal is held against a tuming grindstone ? 

Gi) The nose of a supersonic aircraft is made of titanium steel to stand up to the high 
temperatures expected when flying at twice the speed of sound. Why is there an increase of 
temperature ? 

Gii) The thermostat controls the temperature of the electric iron; can you explain how it 
works ? 

(v) A housewife wants the potatoes to cook more quickly. The water is already boiling. Is .it 
Sensible for her to turn up the gas so that the saucepan receives more heat ? Why ? 

(v) Wet your finger, hold it up in the air. How would you decide which way the wind is 


(vi) A sheet of glass is heated strongly at its centre. What happens to the glass 7 
(vii) In what way is liquid affected by heat, and how is this phenomenon used in 
thermometers ? 


What is heat energy ? 


[Hints : (1) Heat is a form of energy. Other forms of energy such as chemical, sound, light and electrical 

energy usually finish up as heat. 

(2) Heat causes most substances to expand, whether solid, liquid or gas. 

(3) Heat can make solids melt and become liquids, and it can make liquids boil and becomes 

gases. 

(4) Heat can make a liquid change into a gas at all temperatures —  evaporation.] 

When a clinical thermometer is taken out of the mouth ofa patient mercury level does not fall on its own. 

Why? (AISE. 1985) 

What is a bimetallic strip ? How does it provide an automatic make and break in an electrical circuit ? 
(A.LS.E. 1985,1986) 

(A.LS.E. 1983) 

of a solid ? 


State two uses of high specific heat of water. 
(a) What do you understand by the temm linear expansion and cubical expansion 
(b) What is the S.L unit of heat energy ? 
What is the S.I. unit of temperature? 

Describe the Celsius scale of temperature. 


[AISE. 1981 (c)] 
(ALS.E. 1981) 
(ALS.S. 1986) 


PROBLEMS 
Convert 95° F, 81° F, 122° F into Centigrade (or Celsius) scale. [Ans. 35 °C;27. 2 °C; 59 oC] 
Convert 25 °C; 35° C; 45° C; — 273° C into Fahrenheit scale. [Ans. 77 °F; 95 °F; 113 °F; E 460. °F] 


At what temperature will the reading on the Fahrenheit thermometer be double that ofa Celsius one? 


[Ans, 320 °F] 
Anaccurate Celsius thermometer registers 155°C, while a faulty Fahrenheit thermometer, hanging beside 
[ 


Ans, -1'6°F] 


[Ans, 19.44 °C] 
(Hints: Error at 20% = 08 (8 5) x2 


The length of a copper rod at 50° C is 2.00166 m and at 200° C it is 2.00664m. Find its length at 0°C and 


the coeffi 
Clentof linear expansion of copper. [Ans. 2m;0,0000166 per °C] 
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13. ` 


15. 


17. 


19. 


20. 


21, 


The height of barometer having a brass scale is found to be 77.25 cm at 25? C. Find the true height at °C 
? a. for brass = 0.0000187 per °C. [Ans. 76.94 cm] 


What space must be left between two railway lines 20 m long, laid at 15° C to allow for expansion upto 
50 °C. Coefficient of linear expansion of the material is 1.5 x 10-°/ °C 2 [Ans.1.05 m] 


A steel scale gives correct measurement at 50° F. What will be the length ofa rod, which measures 1 metre 
at 10 °C, with this scale ? Coefficient of linear expansion of steel = 0.000012 °C. [Ans. 0.9994 m] 
A copper disc at 0° C has a diameter of 1 m and a hole cut in the centre is 0.1 m in diameter. What will be 
the diameter of the hole at 100 °C ? o for copper = 0.000016 per °C. [Ans. 0.10016 m] 


Calculate the change in length of an iron rail of length 13 m when its temperature changes from 5°C to 
45?C.o.foriron - 12x10 $/? C. : [Ans.6.24 mm] 


What is the final temperature of water if we pour 2 litres of water at 80? C ina plastic bucket containing 
10 litres of water at 20? C. Ignore the heat taken by the bucket. [Ans. 30 C] 
[Hints : mass = volume x density] 
A cube of copper weighing 0.1 kg. is placed for sufficient time in a vessel containing boiling water. The 
temperature of the cube then is 100? C. It is taken out and immediately transferred to another metallic 
vessel containing 0.25 kg of water at 20? C. The temperature of water rises and attains a steady value of 
23° C. What is the specific heat of copper ? Given : the specific heat of water = 42x10? J/kg °C. Ignore the 
heat taken by the metal vessel into which the copper block is dropped. ^ [Ans.0.409x10 3 /kg? C] 
A massof0.7 kg. of copper at 98°C is put into 0.8 kg of water at 15? C contained ina copper vessel weighing 
200 g and the fi. ial temperature is noticed to be 21? C. Find the specific heat of copper. Specific heat of 
water = 4200 J/kg °C [Ans. 382 J/kg °C] 
If an object consists of 55 kg. of iron and 3.3 kg of aluminium and contains 2.0 kg. of water, how much 
heat (energy) will raise the whole thing by 20°C ? Specific heats for iron, aluminium and water are 500 
J/kg °C, 880 J/kg °C and 4180 J/kg °C respectively. [Ans. 28 x 10* J] 
(a) When 4000 J are put into 0.125 kg of water, by how much would the temperature rise ? 
Specific heat of water = 4180 J/Kg? C. 
(b) If the same energy was put into the same mass of steel, what would the temperature rise 
be ? Specific heat of steel = 447 /Kg°C. [Ans. (a) 32°C (b) 72 °C} 
(a) Find the thermal capacity of an object if, after it is heated to 100°C, it is put into 0.400 
kg of water at 10° C and the water temperature goes to 25°C. Specific heat of water = 
4180 J/kg°C. 
(b) If the object has a mass of 0.37 kg, what is its specific heat ? 
[Ans. (a) 334.4J/^C (b) 903.8 J/kg°C] 


Find the temperature that results when 12 kg of waterat90? C are put into 30 kg, of water at 25°C. Neglect 

the heat absorbed by the container. [Ans. 43.6? C] 

(a) How many joules are required to change 0.50 kg of ice at O°C to water at 0°C 7. 

(b) When 0.50 kg or ice is put into 15 kg of water at 20°C, what will the result be 7 
L.H. of ice = 334 kJ/kg 


Specific heat of water = 4200 J/kg °C. 
[Ane. (a) 167 kJ (b) only 0.37 kg of ice will melt and the mixture will remain at 0 °C] 


3.0 s of steam are added to 0.150 kg of water in a calorimeter, resulting in condensation, what 
nee rise will result ? The water is initially at 15°C. Ignore the heat gained by the calorimeter. 


Latent heat of steam = 2260 kJ/kg 
Specific heat of water = 4200 J/kg Ye [Ans. 272°C] 
Find the energy required to change 1 kilogram of water from the ice form at— 10°C to steam at 100°C. 
The specific heat of ice = 2090 J/kg’ C 
Latent heat of vaporization of water = 2260 kJ/kg 
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31. 


Latent heat of fusion of water = 334 kJ/kg 

Specific heat of water = 4200 J/kg° C [Ans. 3.0349 x 105] 
What is the thermal capacity of 0.15 kg of aluminium if its specific heat is 919.8 J/kg °C.[Ans. 137.9]/ °C] 
How much heat must be added to 1 kg of copper to raise its temperature from 20°C to 100°C ? Specific 


heat of copper = 390.8 J/kg °C . [Ans. 31248 J] 
Air at 30°C has a relative humidity of 70%. One m? of saturated air at 30°C contains 15 g of water. How 
much water will 1 m? of air hold at 30°C ? [Ans. 105 g] 
What is the amount of heat energy required to boil 1 kg of ice which is at 0°C ? Latent heat of ice is 80 
kcal/kg and latent heat of steam is 540 kcal/kg. [Ans. 720 k cal ] [A.L.S.E. 1985] 
The length ofan iron rod is 50 m at 0°C. If the coefficient of linear expansion of iron is 12x10% °C, what 
will be its length at 10 °C ? [Ans. 50.0006 m] [A.I.S.E. 1985] 

The coefficient of linear expansion of copper is 17 x10% / °C. What will be its coefficient of cubical 
expansion ? [Ans.51 x10 /9 CI[AIS.E. 1985] 


Silver and copper pieces (specific heat 0.056 and 0.093 k cal per °C Tespectively) of equal mass, initially 
at the same temperature, are supplied the same amount of heat. Which one will attain a higher 


temperature? [Ans. Silver] [A.IS.E. 1985] 
If the coefficient of cubical expansion of a material is 5.4 x 10> per kelvin, what is its coefficient of linear 
expansion ? [Ans. 18x 105 /K] [D.B.SE. 1985] 
How much heat is required to raise the temperature of a copper vessel of mass 0.05 kg through 40°C ? 
The specific heat of copper is 0.09 k cal kg! °C". [Ans.0.18k cal] [A.LSE. 1985] 


A scale made of steel is exactly 100 cm long at 30?C. What would be its length at0°C? Coefficient of linear 
expansion of steel is 1.2x 10? / °C. [Ans. 99.96 cm] [A.I.S.E. 1986] 
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CHAPTER 9 
ELECTRICITY AND ITS EFFECTS 


LEARNING OBJECTIVES 


At the completion of this Chapter, you should be able to grasp : 


applications. 


that electricity is one of the most convenient and important source of energy. 
the distinction between conductors and insulators ; conductors and resistors. 
the concept of electric potential and the definition of volt. 

the relationship between electric current, electric 


potential and resistance (Ohm's law) and its 


the usage of devices like ammeter and voltmeter in an electrical circuit. 
the idea that an electric circuit transfers energy (heating effect of electric current) and that the heating 


effect of electric current is made use of in all electrical heating devices. 


the concept of electrical power and its units — watt and kilowatt. 


The electric energy consumed is measured in kilowatt hour (kWh). 


plants. 
(xii) 
(xiii) 
while using it. 


9.1 INTRODUCTION 


Tremendous progress has been made since the 
days when the study of electricity was concerned 
mainly with static electricity and with current 
electricity turning motors and heating wires. The 
practical applications of electricity are numerous 
and well-known. The object of this Chapter is to 
introduce students to the study of static and current 
electricity in such a way that various phenomena 
observed in daily life and concemed with this aspect 


the concept that electricity produces magnetism (electro-magnetism). 

Maxwells’ right-hand rule and Fleming's left-hand rule and their applications — electric motor. 

the concept of electromagnetic induction (magnetism produces electricity). 

the principle (Right-hand rule) and the working of an electric generator (dynamo) and electric power 


the elementary ideas about domestic electric circuit — wiring, fuses and safety measures. 
the idea that electricity could be dangerous if certain precautions and safety measures are not observed 


of nature can be understood. 


The concepts of charge, field intensity and 
potential have been introduced in static electricity. 
The current as a flow of charges, resistance and 
potential difference are the three basic concepts 
which have been dealt with in current electricity. 
The sources of current — its various effects, simple 
circuits and their practical applications have also 
been discussed. 


es MMM s» 
SILK THREAD Eun LIKE CHARGES SILK THREAD 


POSITIVE CHARGE 


STIRRUP 


GLASS ROD RUBBED WITH SILK 


REPEL EACH OTHER 


POSITIVE CHARGE 


SILK THREAD 
POSITIVE CHARGE: 


STIRRUP 


FF 


GLASS ROD RUBBED 
WITH SILK (Fig. 9.2) 


9.2 ELECTRIC CHARGE 


It was discovered by Thales, about 600 B.C., 
that when amber was rubbed with flannel or 
catskin, it acquired the Property of attracting light 
objects, such as pieces of paper, cork, etc., and it is 
from electron, the Greek word for amber, that the 
term electricity is derived. But, now we know that 
this property is shared by many other substances, 

` Such as glass, ebonite, sealing wax, etc., when 
they are rubbed under suitable conditions. A 
substance which exhibits this property is said to be 
electrified or charged and the mysterious agent, 
which causes this state of the body, is known as 
static electricity. A body, which does not possess 
this property, is said to be neutral. 


Rub a glass rod with silk and place it in a 
stirrup, suspended by a silk thread. Now, rub 
another glass rod with silk and bring it near the 
charged end of the first by placing it in another 
stirrup suspended by another silk thread as shown 
in (Fig.9.1). It will be Seen that the suspended rods 
are repelled from each other. This force acts even 
when the two rods are some distance apart. It would 
Still act if they were in a vacuum. If an ebonite rod 
is rubbed with flannel, its subsequent behaviour is 
different. Two ebonite rods so treated repel each 
other, just as two glass rods rubbed with Silk do, 
but an ebonite rod rubbed with flannel attracts a 
glass rod rubbed with silk (Fig.9.2) 


The experiments show that there are two kinds 
of electrical charges ; one which is developed on 
glass when it is rubbed with silk and the other 
which is developed on the ebonite rod, when it is 
rubbed with flannel, Historically the charge 
acquired by a glass rod after it is Tubbed with silk 

: was defined as positive, Negative charge was the 
one which an ebonite rod acquired on rubbing with 
flannel. These positive and negative conventions 
are purely arbitrary but nevertheless useful. We, 
thus, conclude that like charges repel each other and 
unlike.charges attract each other. These forces act at 

a distance, 


UNLIKE CHARGES 
ATTRACT EACH OTHER 


WOOD 


SILK THREAD 


NEGATIVE CHARGE 


EBONITE ROD. RUBBED 
WITH FLANNEL 


9.3 CONDUCTORS AND  INSU- 
LATORS 


charged. In the first Case, the electric charge is 
certainly produced by friction but since the brass 
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tube, the human body, and the earth are all 
connected, the electric charge spreads itself over the 
brass and passes through the human body on to the 
earth and so the brass shows no signs of 
electrification. In the second case also, the electric 
charge is produced by friction but is prevented from 
passing to the earth by the ebonite handle and the 
tube thus remains charged. This shows that, with 
respect to the passage of an electric charge through 
them, substances can be divided into two classes : 
conductors and insulators. 


A conductor is a material through which an 
electric charge is readily transferred. Most metals 
are good conductors. At normal temperatures, 
silver is the best solid conductor ; copper and 
aluminium follow in that order. Gold, human body 
and graphite are also important conductors. 
Solutions of inorganic salts in water are good 
conductors as well. Earth is regarded as one huge 
conductor. A body which is connected to the earth 
by means of conducting communication is said to 
be earthed or earth connected. 


An insulator is a material through which an 
electric charge is not readily transferred, Good 
insulators are such poor conductors that for 
practical purposes they are considered to be non- 
conductors. Glass, mica, paraffin, hard rubber, 
sulphur, silk ; shellac ; dry air, ebonite ; oils, 
quartz and many plastics are good insulators. Pure 
water is a non-conductor but ordinary water, on 
account of dissolved impurities, is a good 
conductor, 


It should be noted that the difference between 
conductors and insulators, although sometimes 
vety marked, is one of degree. No substance 1s so 
good a conductor as not to offer any resistance to 
the passage of an electric charge through it. On the 
other hand, no substance is a perfect insulator. For 
instance a glass rod will also allow the electric 
charge to flow along it ifa high electrical pressure 
is applied at its ends. There are certain substances 
whose property of carrying charges lies between 
conductors and insulators. Such substances are 
cotton, dry wood, paper etc. The student should 
realize that the precise formulation of the motion 
of charges in solids is a very complex problem. In 
fact the exact behaviour of charges (electrons) in 
solids is still an active field for research to-day, 
‘particularly for the substances which are 
intermediate between conductors and insulators, the 
so-called semi-conductors. 


9.4. COULOMB’S LAW OF FORCE 
BETWEEN CHARGES 


We have seen that two similar charges repel 
each other and two dissimilar charges attract each 
other. The force of attraction or repulsion obeys 
the following law known as coulomb's law of 
force between charges due to Charles Coulomb 
(1736-1806). Coulomb's law states that the force 
between two electric charges is 
proportional to the product of the 
charges and inversely proportional to the 
square of the distance in vacuum between 
them. 


8 Bier, TE 
Fig. 9.3. 


If a charge q, is at a distance r from a second 
charge qz then the force on qz (Fig 9.3) is 


F = K22 
D A 


where K is the constant of proportionality. In S.I. 
units, the charge is measured in coulombs and K 
has the experimentally determined value 
K = 9.0 x 10? Nm2C-2 

The force is attractive if gq, and q5 have 
opposite signs and it is repulsive if they have like 
signs. It is directed along the line joining the 
centres of the two charged bodies. 

If we are interested only in the magnitude of 
the force of attraction or repulsion between two 
electric charges, then it will be given by 


2 2) 
where K = 9 x 109 Nm?/C? in S.I. units 
Note that 
Fu = Fa 

which shows that the force on g, due to q» is equal 
but opposite to that on q» due to q;. 

When a charge gz (Fig. 9.3) is near two or 
more additional charges, the net force on q» is the 
vector sum of the forces due to each of the other 


charges. 
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Unit Charge 


Suppose we take two similar charges each 
equal to q and place them in vacuum (or air) at a 
distance of 1 m. If the force of repulsion between 
them is 9 x 10? N, then for equation (2). 


49742-4 

r=im 
and F=9 x 10N 
Thus from equation (2), we have 


$ a 2 
9 x 10 =9x dum 


or q221 

or QST 

This shows that when the force of repulsion 
between two equal and similar charges placed at a 
distance of 1 m is 9 x 10? N, each charge is equal 
to unity. Hence, 


"A unit charge is that charge which when 
placed in vacuum (or air) at a distance of one metre 
from a similar and and an equal charge repels it 
with a force of 9 x 10? newtons" This is known as 
the coulomb (C) . It is the unit of electric charge 
in S.I units. Note that 1 coulomb is an enormous 
charge. The elementary unit of. charge used in 
atomic physics is charge on an electron i.e ., 1-602 
X 10? coulomb. It is interesting to note that 1 


coulomb of charge contains 
1 Zh. 18 
RUE RT G25) 39107 cL SFO: 


Frequently, it is convenient to work with a 
fraction of coulomb called the micro-coulomb (uC) 


(uC)  10-5C 
9.5 ELECTRIC FIELD 


Electric forces, like the gravitational forces, act 
between bodies that are not in contact with each 
other. The proper Way to regard such forces 
involves the Concept of a force field, When a 


[ interacting 
not directly with the mass 
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responsible for it. Similarly an electric charge 
produces an electric field around it that interacts 
with any other charges present. Thus electric field 


is the space surrounding a charged body within 
which its influence is felt. 


One reason it is preferable not to think of two 
charges as exerting forces upon each other directly 
is that if one-of them is changed in magnitude or 
Position, the consequent change in the forces each 
experiences does not occur immediately, but takes a 
definite time to be established. This delay cannot 
be understood on the basis of the Coulomb’s Law 
but is easily accounted for in terms of the field 
concept by assuming that the changes in the field 
travel with a finite speed i.e., the speed of light, 3 
X 108 m/s. 


quantity and thus has got a direction. The direction 
in which the unit positive charge moves when free 
to do so gives the direction of intensity. Hence, 


"The intensity of the electric field at a point in 
an electric field is the force experienced by a unit 
positive charge placed at that point. The direction 


ie unit positive charge begins to move if free to 
so. 


We can use Coulomb’s Law to determine the 
magnitude of the electric field surrounding a single 
charge q. We find the force F that q exerts upon a 


unit positive charge (test charge) at a distancer 
away is - 


F zK axı 
H * H r 
Which is directed from the charge q towards the 
point where the test charge is located, 


IE SM 
p 


where K 2 9 x 10? Nm2c-2 
This by definition is the electric field 


intensity E ata distance r from the charge q. 


Electricity field intensity = E = | 
r 


The magnitude of electric field intensity is 
given by 


[e 


If q is positive, E points away 


from q ; if q is negative E points toward g. The 
electric field due to a charge points away from the 
charge if it is positive, and toward it if the charge 
is negative. 

It is expressed in newton per coulomb i.e., 
NC" in S.I units. Electric field intensity falls off 
inversely as 72, 


Once we know the electric field intensity E at 
any point in an electric field, we can easily find the 


TIGE acting on any charge q placed at a point 


FE 


When there are several charges q;, q2, .....at 


eee Positions, the electric field Ẹ at a point is 
© vector sum of the individual electric fields 


> > 


E1, Eo. due to all the charges. 


9.6 ELECTRIC LINES OF FORCE 


. Let us consider a positively charged sphere 
isolated in space, +0 of [Fig 9.4 (a)]. All 
Small positive charge + q, which we shall call a 
ELECTRIC à 
LINES OF 
FORCE 


Fig. 9.4 (a) 
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ELECTRIC ' 
LINES OF 
FORCE 


Fig. 9.4 (6) 


test charge, is brought near the surface of the 
sphere. Since the test charge is in the electric field 
of the sphere and the charges are Similar, it 
experiences a repulsive force directed radially away 
from +Q. Where the charges on the sphere 
negative, as in [Fig. 9.4(5)], the force acting on the 
test charge would be directed radially toward —Q. 


An electric line of force is a line so 
drawn that a tangent to it at any point indicates the 
orientation or direction of the electric field at that 
point. We can imagine a line of force as the path 
of a test charge moving slowly in a very viscous 
medium in response to the force of the field. By 
convention, electric lines of force originate at the 
surface of a positively charged body and terminate 
at the surface of a negatively charged body, each 
line of force showing the direction that a positive 
test charge would be accelerated in that part of the 
field. A line of force must therefore be normal to 
the surface of the charged body where it joins that 
surface. 


The intensity, or strength of an electric field, 
as well as its direction, can be represented 
graphically by lines of force. The electric field 
intensity is proportional to the number of lines of 
force per unit area normal to the field. j Where the 
intensity is high, the lines of force will be close 
together. Where the intensity is low, the lines of 
force will be more widely separated in the graphical 
representation of the field. 


In Fig. 9.5 (a) electric lines of force are used to 
show the electric field near two equally but 
oppositely charged objects. At any point in this 
field the resultant force acting on a test charge +q 


ELECTRIC LINES 
OF FORCE —* 


ELECTRIC LINES OF FORCE 


(6) 


Fig. 9.5 


can be represented by a vector drawn tangent to the 
line of force at that point. 


The electric field near: two objects of equal 
charge of the same sign is shown by the lines of 
force in [Fig 9.5 (5)]. The resultant force acting on 
a test charge +q placed at the mid-point between 
these two similar charges would be zero. 


The following properties are attributed to the 
electric lines of force : 


() They start from the positive charge and | 


end at the negative charge. 


(ii) Two electric lines of force never intersect 
each other. 


(iii) There are no electric lines of force inside a 
hollow conductor. 


(v) Number of electric lines of force per unit 
area gives a measure of the electric field intensity 
(extent of the influence of the charge) at a point in 
that area, 


(v) They have the properties of longitudinal 
contraction and lateral repulsion, 


These electric lines of force are all. imaginary 
but they indicate the direction in which the electric 
field in the space is acting, They are very useful in 
explaining various electrical phenomena, e.g., 
attraction between two unlike charges is explained 
by the property of longitudinal contraction ; 

repulsion between two like charges is explained by 
the property of lateral repulsion and electrical 


induction is explained by the fact that lines of force 
leaving a positive charge when fall on one end of a 
good conductor produce a negative charge there and 
these lines then flow through the conductor and 
leave it at the other end and charge it positively. If, 
however the conductor is earthed, the inductive 
action does not travel forward. 


9.7 ELECTRICAL POTENTIAL 
DIFFERENCE 

When we raise a body from the ground to a 
certain height, we do a certain amount of work on 
the body. This increases its potential energy. 
Therefore, a point at a higher level means a point 
of greater potential energy or a higher gravitational 
potential. Now we know that a body if left to 
itself falls down from a point of greater potential 
energy or higher gravitational potential to a point 
of lower gravitational potential. Similar is the 
case with electricity. Suppose we have two 
insulated conductors A and B charged positively. If 
we place them in contact or connect then by a wire, 
charge will flow from one conductor to the other. 
The direction of flow of charge depends upon the 
electric condition of the two conductors, 


The electric condition of a conductor which 
determines the flow of electric charge from it to 


another conductor placed in contact is known as its 
electrical potential. 


If the positive charge flows from conductor A 
to conductor B, then A is at a higher potential than 


Fig. 9.6 


B. The flow of charge continues as long as the 
potential of A remains higher than of B and stops 
as soon as-the potential of the two conductors 
becomes the same. 


Electric potential is analogous to level in the 
case of water, to temperature in the case of heat and 
to pressure in the case of gases. 


EARTH 


Activity. Take two cylindrical vessels 
containing water (Fig 9.6) connected by a tube 
provided with a stop-cock. 


Open the stop-cock. What do you observe ? 
What happens to the flow of water after 


sometime ? 


On opening the stop-cock, you will observe 
that water flows from the vessel in which the 
surface of water has higher level than the other 
even though the quantity of water in the former 
vessel may be less than that in the latter. There 
will be no flow if the levels are the same. 


Activity. Take small copper piece and heat 
it red hot. Place it in a bucketful of water at room 
temperature containing a thermometer. What do 
you observe ? What happens to the flow of heat 
after sometime ? 


You will observe that heat will flow from the 
copper piece to the water, though the quantity of 
heat in the water may be much greater than that in 
the copper piece. Heat flows from the copper piece 


POSITIVE POTENTIAL 


A 


o 
: 
o 
wW 
ü 
= = 
ü EART p Eam 


ZERO POTENTIAL 
TEMPERATURE 


POTENTIAL 
Fig. 9.7 
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to water only because the former is at a higher 
temperature. There will be no flow of heat from 
either of them to the other if their temperatures are 
the same. 


Since temperature is the degree of hotness of a 
body so electric potential may also be defined as 
the degree of electrification of a charged 
body. 


Just as the height of a place is measured with 
respect to sea-level which is taken as zero or 
standard level (as its Capacity for water is so huge 
that any addition or removal of a Small quantity of 
water does not affect its level appreciably), the 
Potential of a conductor is measured with respect to 
that of the earth which is taken at Zero 
Potential. Earth is a good conductor of electricity 
and a huge capacity for electric charge and any 
addition or removal of a small charge would not 
alter its potential appreciably. 


The potential of a positively charged body is 
above the potential of the earth and potential of a 
negatively charged body is below that of the earth. 
Thus a positively charged conductor has a positive 
potential as the positive charge flows from it to the 
earth (or the electrons flow from the earth to it. A 

"negatively charged conductor has a negative 
potential as the positive charge flows from the 
earth to the conductor (the electron flow wonld be 
from the conductor to the earth). An earth 
connected conductor has zero potential (Fig. 
9.7) Potential at a point is a Scalar quantity, 


Unit of Potential — (volt) 

We know that the difference of level is 
measured practically by means of measuring rods or 
tapes, There is, however, another purely theoretical 
method by which it ‘is Possible to measure 
difference of level, viz., by considering the amount 


by the difference of gravitational potential energy 
which the unit mass possesses at the two places. 
What is true of the level is also equally true of 
electric potential. In other words, we can measure 
the electric potential difference between two points 
in terms of the work done in moving a unit 
positive charge from one point to another. 


A Cc H 
POSITIVELY 
CHARGED 
SPHERICAL 
CONDUCTOR} 
Fig. 9.8 


Let us consider a spherical conductor, charged 
positively (Fig. 9.8) and let A and C be two points 
on the line AH. If a unit “positive charge be placed 
at C, it will experience a force of repulsion, 
tending to take it away from the sphere and so in 
Moving it to A, work has to be done against this 
force of repulsion. Hence, the potential at A is 
greater than that at C. Thus, as we move towards a 
positively charged body the potential increases and 
aS we move further away, the potential decreases. 
The work done in moving a unit positive charge 
from one point to the other against the electrical 
force measures the potential difference 
between the two points. 


Potential difference (V) = Work dons (W) 


Charge (Q) 


other against the electric force. The unit potential 
difference, so defined, is called volt in honour of 


1 volt = 1 joule | 


1 coulomb 


Potential at any point is measured by the work 
done in bringing a unit Positive charge from 
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Il a 


infinity to that point, against the electric force. 
Thus a volt is the potential at a point when one 
joule of work is done in bringing one coulomb of 
charge from. infinity to that point. 


One thousandth of a volt is called one 
millivolt (mV) and one millionth of a volt is 
called micro-volt ( uV). One thousand volt is 
kilovolt (k V) and one million volt is megavolt 
MV). 


Thus 


1mV =—!_v=10°V 
1000 


1pV=10°v=—1_y 
1000000 


1k 210v 
1 MV = 105V 


Thus electron volt (eV) , a widely used unit in 
atomic physics, is the energy acquired by an 
electron that has been accelerated by a potential 
difference of 1 volt. 


1 eV=1.6 x 10-1? joule 


9.8 ELECTRIC CURRENT 


We have learnt about the transfer charge, that is, 
when two charged conductors at different electrical 
potential are joined (Fig.:9.9), positive electric 
charge will flow from the conductor at a higher 
potential to the conductor at a lower potential 
(Electrons carrying a negative charge will flow 
from the conductor at a lower potential to the 
conductor at a higher potential ), 


SSSA 


Fig. 9.9 


Such an ordered (directional) flow of 
electric charge is called an electric 
current. Thus an electric current flows when 
there is an electric potential difference. 


To keep an electric current flowing through a 
conductor, it is obviously necessary to maintain 
the potential difference between its ends, that is to 
maintain a difference in electrical energy level 
between the ends. This, of course, requires the 
expenditure of some other form of energy. 


Taking again the hydrostatic analogy (Fig. 
9.10), if a continuous current of water is to be 
obtained. between the two vessels, their difference 
of levels must be maintained by pumping back 
water from the vessel in which it is at a lower level 
to the one in which its level is higher at the same 
rate at which it flows from the latter to the former 
(Fig. 9.10) 


Fig. 9.10. 
When the pump is operating, it produces 
differences between 


pressure the various parts of the 
system and water flows from regions of higher 
pressure to regions of lower pressure. 


SOURCE OF ELECTRIC CURRENT 


The flow of charge round an electric circuit is 
similarly produced by differences in electrical 
pressures produced by the battery. Such a 
difference in electrical pressures is called the 
potential difference. In order that electric current 
should pass from one point in the circuit to 
another, the battery or any other electric source 
must maintain a potential difference between two 
points. Energy is required to keep the current 
moving round the circuit. The energy comes, of 
course, from the battery or the source of steady 
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current. One of the earliest devices capable of 
providing a source of steady current was inyented in 
1800 by the Italian Physicist A-Volta. It is called 
a voltaic cell. Since then‘ various kinds of dry 
cells and storage batteries have been devised. Dry 
cells are widely used in torches, transistor sets, tape 
recorders etc., and they are cheap and portable. 


A voltaic cell consists of two plates, one of 
copper and the other of zinc, both dipped in a 
vessel containing dilute sulphuric acid and kept 
apart each other as shown in (Fig.9.11). When 
these plates are connected by a copper wire, an 
electric current flows from copper to zinc outside 
the vessel and from zinc ro copper inside it. 


JU 
Z 
S 


Fig. 9.11 

(Electrons move from zinc to copper outside the 
vessel). This shows that as zinc reacts with dilute 
sulphuric acid, the zinc plate gets negatively 
charged, while the copper gets positively charged. 
Thus copper plate is at a higher potential than. the 
zinc plate. It will also be seen that when the plates 
are connected together, bubbles of hydrogen rise on 
the surface of the copper plate and zinc goes into 
solution forming zinc sulphate. It is the energy 
liberated from this chemical action which 
maintains the current. . Hence the source of 
electricity in this case in the chemical 
action between zinc and sulphuric acid. 
In other words in this device, chemical energy 
is changed into electrical energy. Such a 
device is called a Primary: cell 


Electricity that we use in our homes is 
generated at a power station 


260 


Unit of electric current : 

The analogy between a continuous sieady flow 
of water along a tube and continuous Steady flow of 
electricity along a wire is a useful aid to 
understanding some of the principles concerning an 
electric current. 


Consider a tube AB [Fig. 9.12 (a)] which has 
a continuous steady flow of water along it in the 
direction A to B. The current of water is the 
volume of water per second passing any section S, 
and if 25 m? pass S in 5 seconds, the current 


72S - mis, The element is 


therefore, concerned in the idea of 
current. From the water analogy, if 15 
coulombs of electricity flow past the point T in-the 
wire MN of [Fig. 9.12 (b) in3 seconds, the 


time 


S 
A ——- B 


Fig. 9.12 


electric current 2 13: = 5 coulombs/second. The 


current is the same at all points of the wire if the 

flow of elecricity along it is a Steady one. 

Generally, if Q is the quantity of charge flowing 

past a point in a wire in t sec, the current J is given 
y 


Thus, the electric current is the amount of 
charge passing through a given Point in 
one second. Current is a Scalar quantity. 

Where Q is in coulombs and t is in seconds, then I 


is in amperes, An ampere is the practical unit of 
current and is denoted by the letter A. 


Thus 1 ampere = 1. coulomb and corres 
i second 
ponds to a flow of 6.25 x 10!5 electrons/second 
past a point. 


Hence current is one ampere if a charge of one 
coulomb flows through any cross-section of the: 
conductor in one second. 


This, however does not mean that if there is a 
current of 1 ampere through a wire, 6.25 x 1019 
electrons are actually flowing from one end of the 
wire to the other every second. It only means that. 
there is a drift of so many electrons every second 
(not necessarily involving the same electrons) from 
one end of the wire to the other. 


Sometimes, smaller units for measuring 
current are used. They are milliampere (mA) and 
microampere (pA). 


lmA-—l—4 =0.001A 

må = g^ 2 

1 pA =—1__<J = 0,000001A 
1000000 


9.9 ELECTRON FLOW AND 


CONVENTIONAL CURRENT 


(ELECTRON FLOW) «——— — — — 


WIR ELECTRON 
{ @ «—o 
"—o 


-_ 
Neos CRO eae ea 


> (CONVENTIONAL CURRENT) 


(Electrons move in a specific direction towards 
the positive pole, when electricity is passed along 
the wire.) 


Fig. (9.13) 
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(A random motion of electrons in a metal 
wire. Big filled circles are atoms and small circles 
are electrons.) 

Fig. (9.14) 


Inside a wire, electrons normally drift about in 
all directions between the atoms of the metal (Fig. 
9.13). When the wire is connected to a source of 
electricity e.g., a cell or a battery etc., the electrons 
begin to move in one direction and an electric 
current flows along the wire (Fig.9.14). In other 
words, the current in a closed circuit is the ordered 
flow of electrons in the circuit. The electrons from 
the source flow from its negative. terminal to its 
positive terminal. 


Conventionally, the direction of current is 
taken as the direction of flow of a positive charge. 
Therefore, in an electric circuit the direction of 
current is always taken as opposite to the 
direction of the flow of electrons. Any point in the 
circuit which is at a higher potential for electrons 
is regarded as a lower potential for current, and is 
marked negative. Similarly any point which is at 
a lower potential for electrons is regarded as a 
higher potential for the current in a circuit andis 
marked positive. 


9.10 ELECTRIC CIRCUIT 


Electricity travels along a path. If the path is 
broken off, then electricity cannot travel. The 
whole path along which electricity travels is 
known as an electric circuit. An unbroken path 
travelled by electricity is known as a closed circuit 
(Fig. 9.16) and a broken path is known as an 
open circuit. (Fig.19.15). Electricity will not 
flow in an open circuit. 


Often it is useful to illustrate components in 
an electrical circuit by simple symbols. A diagram 
which indicates how different components in a 
circuit have been connected, using conventional 
symbols for the components, is called a circuit 
diagram. Y 


DRY CELL 


DRY CELL ee GAP 
T 
WIRE 
BULB 
‘COPPER WIRE 
An open electric circuit An closed electric circuit. 
Fig. 9.15 Fig. 9.16 
S —fafile— aT 
M _(AN OPEN PLUG 
(SINGLE ELECTRIC CELL) BATTERY OF CELLS KEY OR SWITCH) 
@ (ii) (ii) 
e 
(A CLOSED PLUG KEY OR SWITCH) ` 
(WIRES CROSSING 
™ A WIRE JOINT WITHOUT CONTACT) 
) ~) 
A RESISTANCE AAM 
(AN ELECTRIC BULB) es REGO? 
(vii) (x) 
BY in Nia 
-H | En 
„(A SOURCE OF : : 4A VOLTMETER) 
ELECTRIC CURRENT NOE) a) 
‘OF KNOWN emf)? (xi) 


G9) 


TD 


(A GALVANOMETER) 


(xi 


Fig. -9.17 (a) 


The conventional symbols for some common 
Pos stare of electric circuits are given in-Fig. 
17. 


) AMMETER ; 


2 Ammiefer is a short name fox ampere-meter 
Which means an instrument designed to measure 
the current (flowing in a circuit) directly in 

tes. As the current in the circuit is same 


every-where, an ammeter may be placed anywhere 
in the circuit in series with it. 


The ammeter thus becomes an essential part of 
the circuit in which it is joined [Fig.9.17 (b)]. The 
ammei.. must always be connected so that the 
current may enter it at the terminal marked + 
otherwise the pointer will tend to be deflected in 
the opposite direction beyond the zero of the scale 
and thus may get bent or broken, 
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| BATTERY 


(a) A simple electric Circuit 


Een 


(Àn ammeter connected in the circuit) 
Fig. 9.17 (b) 
VOLTMETER : 

A voltmeter is an instrument used for 
measuring potential difference between two points. 
In order that the voltmeter should measure the 
potential difference between any two points (say 
Pand Q), it must be placed in parallel with the 
circuit [Fig.9.17 (c)]. The voltmeter must be 
connected so that the current enters at the terminal 
marked +. In contrast to an ammeter, a voltmeter is 
joined as an additional to an already completed 
circuit. [Fig 9.17(c)]. 


BATTERY 


VOLTMETER 
(A Voltmeter connected in the circuit) 
BATTERY 


(Asimple electric circuit) 
Fig. 9.17 (c) 
Note the language used to describe the action of 
two metres. An ammeter measures current 
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through a component, while a voltmeter 
measures potential difference across a component. 
9.11 CURRENT-POTENTIAL DIFFE- 
RENCE RELATIONSHIP (Ohm's 

Law) 


From the analogy between electric potential 
and water level, it would appear that there must be 
a definite relation between the potential difference 
applied to the two ends of a conductor and the 
magnitude of the electric current flowing in it. 
Such a relation was discovered experimentally by 
George Simon Ohm of Germany in the year 1827 
in the form of what is known as Ohm’s Law. 
The law states : 


“The ratio of the potential difference across the 
ends of a conductor to the current flowing through 
is constant so long as the physical conditions, i.e., 
temperature, density etc., of the conductor remain 
the same." 

Suppose that a current of 4 amperes is flowing 
through an electric wire connected to the 240 volts 
main supply. What would the current be if the 
main voltage falls to 120 volts ? Ohm's Law tells 
us that since the potential difference (voltage) has- 
been halved, the current will be reduced in the same 
proportion, e. halved. The net current is, 
therefore, 2 amperes. If the voltage had dropped to 
80 volts (i.e., 1/3 of its original value) the current 
would drop proportionately 4/3 amperes, (i.e., 1/3 
of its original value). In each case, 


Potential Difference is the same i.e.. 


Current 
240 — 60; 120 — 60: 80-60 
4 2 43 
If . V= Potential difference 


and I = current, then 
mathematically speaking, Ohm's Law can be stated 


as 


or [ER [once Ris a constant known as 
resistance of a conductor. 


Ohm's Law is valid under dennite conditions 
for metallic conductors. It fails for solutions, semi- 
conductors and for gases. 


| 


Ohm's Law provides a basis for measuring the 


resistance. 


9.12 RESISTANCE OFA CONDUCTOR 
Whenever an electric current flows through a 


conductor, the conductor offers some opposition to 
the flow of the electric current. This property of the 
conductor by virtue of which it opposes the flow of 
an electric current through it is called resistance 
of the conductor. 


According to Ohm's Law, resistance (R) is 


measured by the ratio of the potential difference (V) 
developed at the two ends of the conductor to the 
current (7) passed through it. 


Potential Difference (V) 
Current (7) 
Resistance is measured in ohms. The symbol 


Resistance (R) = 


for ohm is Q. 


If a potential difference of 1 volt is developed 


across the two ends of a conductor when a current 
of 1 ampere flows through it, then the resistance of 
the conductor is said to be one ohm. 


Hence 1 ohm =—! volt 
1 ampere 


The resistance of a conductor (pure metal) 


varies with the change in temperature. For an alloy 
like manganin (84% Cu ; 4% Ni and 12% Mn) or 
consianian (60% Cu and 40% Ni), there is 
extremely small change in resistance with change 
in temperature and hence it is for this reason that 
they arc 
resistance, 


mostly used for making standard 
S: 


-Á conductor possessing a certain resistance is 
«ually called a resistor. 
9,13 EXPERIMENTAL  VERIFI. 
CATION: OF OHM'S LAW 
Set up à circuit as shown in (Fig. 9.18). 
XY = a eureka wire ‘about 100 cm long. 


B= à battery of à number of cells which sends 
current round the circuit. 


IK = a key for making and breaking the circuit. 
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KEY VARIABLE 
(A) BATTERY RESISTANCE (V. R) 
(RHEOSTAT) 
RESISTANCE (R) 
Y 


VOLTMETER 


Fig. 9.18 Verification or Ohm's Law. 


A =an ammeter which measures I, the 
strength of the current in amperes. 


V= avoltmeter which measures, V, the 
po.ential difference between the ends of 
the wire in volts. 


V.R. —Variable resistance or Rheostat for 
varying the strength of the current by 
changing the total resistance of. the circuit. 


The positive terminal of the battery should be 
connected to the positive terminal of voltmeter and 
ammeter. 


Close the circuit and record the Teadings of the 
ammeter and volt-meter, Repeat the experiment six 
times by changing the strength of the current with 
the help of the variable resistance or theostat. 


It will be found that the ratio of the potential 
difference (V) and the current (D) ie., = is constant. 


This constant is equal to the resistance (R) of the 
wire XY. 


If a graph is plotted taking potential difference 
(V) along X -axis and currrent (7) along Y- axis, we 
get a straight ling as shown in (Fig.9.19) ; this 
means 
Ver 


Italso verities Ohm's law. 


Potential Difference V 


S.No (In volts) 


O POTENTIAL DIFFERENCE (V)—— X 
(in volts) 
Fig. 9.19 


Here it should be borne in mind that the 
current should not be passed for a long time 
otherwise heat is produced in the wire and that 
introduces an error in the result. Also the sliding 
Contact of the variable resistance (V.R.) should be 
moved so as to increase the current by equal steps 
as far as possible. 


9.14 COMBINATION OF RESIS- 
TANCES 
There are two distinct ways in which the 
resistances can be connected : 
() Resistances in series ; and 
(i) Resistances in Parallel. 
Resistances in Series : In many 


applications of electrical circuits two or more 
resistances (or conductors) are often connected end 


CURRENT (1) 
(IN amperes) 
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Current I 


i ME 
(n amperes) I 
(in ohms) 


to end, so that the current must flow first through 
one and then through the other. Such a connection 
is called a series connection. It is an important 
property of a series connection that the same 
strength of current flows through all parts of it. 


The current does not get gradually used up as it 
flows around the circuit. In this respect, it is 
similar to the flow of water through a long pipe 
which has no side branches. The same volume of 
water per second must flow, at a given instant, 
through every cross-section of the pipe. If this were 
not so, then either the amount of water in the pipe 
would increase and burst the pipe or the amount of 
water in the pipe would decrease until the pipe was 
nearly empty. 

Let Ri, R2, R3 be the resistances of the 
various conductors joined in series (Fig. 9.20) and J 
be the current flowing in them. If V;, V2 and V4 be 


Ri [ Ro Rg 
D 
ai i MAN BM: 
O V > 
x Fig. 9.20 


the potential differences developed across the ends 
of these conductors, the total potential difference 
(V) across the combination is given by 


VSV EV | Rees u) 
Now, by Ohm’s law, we have 


V =IR, where R = total resistance of the 
combination 


z. Vy = IR} 
Vo — IR; 


and V3 = IR; because the same current is flowing ; 


through all the conductors. 


Substituting these values in the equation (1), 
we have 


IR = IR, IR IR3 


or RESERV Rot Rac |t EO ses (2) 


_ Thus the total resistance of the circuit is equal 
to the sum of the resistances of the individual 
conductors joined in series. The total resistance 
increases by such a combination of conductors. 


(i) Resistances in Parallel. When two 
or more resistances conductros are connected 
between two points so that the current divides 
between them and then rejoins, they are said to be 
in parallel. The circuit diagram for such a 
combination of resistances is shown in Fig. 9.21. 


“A 
p 


(RESISTANCES IN PARALLEL) 
Fig. 9.21. 


Let R;, R2 and Rs be the resistances of the 
conductors joined in parallel so that the total 
current (I) of the circuit is divided into three parts 
I, L, and I; flowing through the conductors 
respectively. Here, the two ends of all the 
conductors are joined together at A and B. 
Thérefore, the potential difference at the ends of 
each conductor is the same (say V). 


Now the total current flowing in the 


combination is given by 
I= 2x80) 
Applying Ohm's law, we have 


I i where R = total resistance of the 
combination. 


hav 
Ri 
h=V 
R2 
and b= 
R3 
The equation (T) reduces to 
VEM EVA MS 
R R R R 
a6 sm S gly 
or R__Ri_ R2 R 


Thus when a number of resistances are 
connected in parallel, the reciprocal of the 
combined resistance is equal to the sum of the 
reciprocals of the individual resistances. 


Suppose we have three resistances 2 ohm each 
put in parallel, then the combined resistance R is 
given by 


R «2 ohim = 0.66 ohm 


It is, thus, clear that the total resistance is less 
than the resistance of any single conductor. 


Electric lamps are nearly always wired in 
parallel, Lamps wired in parallel have a smaller 
total effective resistance than the same number of 
lamps wired in series, Parallel connection of 
electric resistances is widely used in industry and 
household purposes. 
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9.15 FACTURS AFFECTING RESIS- 
TANCE (SPECIFIC RESIS- 
TANCE OR RESISTIVITY) 


The various factors that affect the resistance of 
aconductor are : 


(1) Temperature : 

The resistance of all substances changes to 
Some degree with changes in temperature. In the 
case of pure metals and most metallic alloys, the 
resistance increases with a rise in temperature. 
Carbon, semiconductors and many electrolytic, 
solutions, on the other hand, show a decrease in 
resistance as their temperature is raised. A few 
special alloys, such as constantan and manganin, 
Show very slight changes in resistance over a 
considerable range of temperatures. For practical 
purposes, the resistance .of these alloys can be 
considered independent of temperature. 


(2) Length 

Resistances in series are added to give the total 
resistance of the series circuit. From this fact we 
can conclude that 10 meters of a certain conductor 
should have a resistance 10 times that of 1 meter of 
the ‘sarne conductor. Experiments prove this 
relationship to be true ; the resistance of a uniform 
conductor is directly proportional to the length of 


the conductor 


where R is the resistance of the conductor and / is 
the length of the conductor. 


(3) Area of cross-section : 

If three equal resistances, are connected in an 
electric circuit, the equivalent resistance is one-third 
the resistance of any one branch. The equal currents 
in the three branches add to give the total current in 
the circuit, 


Assuming the three resistances to be three 
similar wires 1 metre in length, each having a 
cross-sectional area of 0.1 cm?, we can think of the 
equivalent resistance as a similar wire of the same 
length but having a cross-sectional area of 0.3cm?. 
This deduction is reasonable, since a wire carrying 
a direct current of constant magnitude has a 
constant current density throughout its cross- 
sectional area, If the parallel resistances are 
designated R,, Rz and Rs then 


qq eee 3 : 
R Ri Re Bs where R is the panic 


resistance. But Rj 2 R5; = R4 
So 


ad  R,=3R 
We can conclude that the resistance ot the large 
wire, R, is one-third the resistance of the small 
wire, R,, and experiments prove this conclusion to 
be true. The resistance of a uniform conductor is 
inversely proportional to its cross-sectional area. 
A | where A is the cross-sectional area of 
the conductor. In case of a wire, A = m 1? where r is 
the radius of the wire. 


(4) Nature of the Materials : 

A copper wire having the same length and 
cross-sectional area as an iron wire offers about 
one-sixth the resistance to the flow of electricity. A. 
similar silver wire presents even less resistance. 


Thus the resistance of ;a given conductor 
depends on the material of which it is made. 


*Taking these four faactors into account, 
several useful conclusions become apparent. For a 
uniform conductor of a given material and 
temperature, the resistance is directly proportional 
to the length and inversely proportional to the 
cross-sectional area i.e., 


Roce 
A 


or 
where p is a constant of proportionality and its 
value depends upon the material of the wire and its 
temperature. This constant p is called the 
*specific resistance or resistivity of the 
material of the wire. 


From the above equation . 


We find that if, 
f= 1m 
Az=1m? 


than 
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Thus, the specific resistance (or resistivity) of the 
material of a wire is the resistance of a wire of 
length Im and having a uniform cross-sectional 
area of 1 m? or it is the resistance offered by a cube 
of the material of side 1 m when current flows 
perpendicular to opposite faces. 
Unit of specific resistance : 
Since p= i. 
Unit of resistance (R) x Unit of 

-. Unit of p= cross-sectional area (A) 
» Unit of length (7) 

— ohm x (metre)? 

(metre) 


= ohm-metre 


Hence specific resistance p is measured 
in ohm-metre or Q m. 
Table 9.1 
*Resistivity of Specific Resistance of 
some substances at 20°C 


Substance Specific Resistance 
Ohm-m 
Aluminium 2:36 x 10:5 
Carbon 3500 x 105 
Copper 1-62 x 108 
Constantan 49 x 108 
Germanium 2x 108 
Gold 2-04 x 10-8 
Tron 913-108 
Lead 20:4 x 10-8 
Mercury 94 x10-8 
Nichrome 100 x 10-8 
Phosphorus 1x10!2 
Platinum 11-1 x 10-8 
Silver 1-60 x 10-8 
Sulphur 1x 1017 
Tungsten 50 x 10-8 
Diamond 102-10? 
Ebonite 1015-1017 
Glass (Pyrex) 1014 
Mica 1012-1017 
Paper (dry) 102 
Water (distilled) 10-10? 
Silicon 102-105 


* For further knowledge only Not to be tested. 
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The resistivities of various materials are listed 
in the Table 9.1 Note that the value of pis 
independent of the length and the area of cross- 
section of the wire. It depends only on the material 
of the wire. Thus, the specific resistance is a 
characteristic of the material. If the specific 
resistance of a material is known, the resistance of 
any other wire composed of the same material can 
be calculated. - 


The resistivity of most metallic conductors 
increases with temperature. In the case of insulators 
such as ebonite, glass, diamond, etc., Tesistivity is 
very high and does not change with temperature. In 
between the metallic conductors and insulators, we 
have semi-conductors, whose resistivities decrease 
with increasing temperature. Semiconductors are 
proving to be of great practical importance because 
of their marked change in conducting properties 
with temperature, impurtiy, concentration etc. 


9.16 HEATING EFFECT OF 
ELECTRIC CURRENT (An 
electric circuit transfers energy ): 


(BATTERY) 


Fig. 9.22 


Consider Fig. (9.22) in which a current (T) of 
electricity flows from A to B when the conductor 
(or the resistance wire) is connected to the 
terminals of a battery, The electric potential at A is 
greater than that at B. Since electricity in the wire 
is due to the steady drift of electrons, so the 
electrons moving under the influence of a potential 
difference between the ends of the conductor, must 
possess energy and this is called electrical 
energy. The fact that a conductor offers resistance 
to the flow of current implies that work must be 
done continuously to maintain a current. The role 


of resistance in electrical circuits is analogous to 
that of friction in mechanics. We know that if 
work is done when an electric charge is moved 
from one point to another in an electrical circuit, 
then a potential difference exists between the two 
points. 

The amount of work done is a measure of a 


potential difference. The greater the work done, the 
bigger is the potential difference. 


The unit of the potential difference is the volt 
which is defined as follows : 


The potential difference between two points A 
and B is one volt if one joule of energy is released 
when a charge of one coulomb moves from point 


- A to the other point B. 


If the potential differaence between two ends of 
the conductor A and B were 2 volts, then 2 joules 
of energy would be released when one coulomb of 
charge is moved from point A to the other point B. 
So, if the potential difference between the two 
points A and B as shown by the Voltmeter is 'V' 
volts, the electrical energy liberated when a charge 
of one coulomb moves from point A to point B 
will be V joules. 


Similarly, if three coulomb charge is moved 
between the two points A and B of the conductor 
whose potential difference is one volt, then the 
energy released would amount to three joules. So, 
when ‘Q?’ coulombs of charge flow between the 
Same potential difference (i.e., 1 volt), energy 
released will be Q joules. 


. Hence, we may conclude that the energy 
liberated (as heat or otherwise) when Q coulombs 
of electricity move between two points having 
potential difference ‘V’ is given by-- 


W (joules) = Q (coulombs) x V (volts 
or Work done by the electric current = Amount of 
electric charge moved x Potential difference 
between two points 


Recollecting the relation between charge and 
electric current, we know that the electric current is 
the quantity of charge flowing through the 
conductor per unit time. 


The unit of current is called the ampere and is 
equivalent to flow of one coulomb of electricity per 
Second through a conductor. 


Thus, if a current of I amperes flows in a 
conductor for ¢ seconds, the total quantity of 
electricity which passes along it is given by : 

Q (coulomb) =I (amperes) x t (seconds) 


Hence the work done by the current or the 
energy released is equal to 


W (joules) = O (coulomb) x V (volts) 
=I (amperes) x t (seconds) x V (volts) 


~ [W= Vr joutes| 
a [werd 


as V=IR by ohm's law 


The above formulas are used in practice to 
calculate electrical energy or work done by an 
electric current. All the quantities in the formulas 
are easily measured. 


This shows that the energy dissipated is the 
product of the square of the current, the resistance 
R and time ¢. This energy appears mostly as heat, 
but sometimes also as light. In the case of heaters, 
electric irons, radiators; toasters, etc; electrical 
energy is mostly converted into heat. In the case of 
electric lamps about 5% only of the electrical 
energy is converted into visible light. 


Let us suppose that all the electrical energy 
dissipated in the conductor appears as heat. Then, 
since, one calorie of heat is equivalent to 4.18 
joule, the amount of heat (H) generated can be 


obtained by using equation 
W=PRt=VIt 
and is given by 
H =PRt = Vit joule 
o aH = Rt cal 
4-18 
=VIt cal 
4-18 


9.17 ELECTRICAL POWER 
Power is defined as the amount of work done 
per unit time, It involves the time, t, in which a 
particular amount of work is done or energy is 
liberated. 
Thus:P = Work done (or energy liberated) per 
second 
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SWS certain time is give by 
t : i, 
In mechanics, the unit of power is Number of Kilowaatt, hours 


joulelsecond 


Thus, in electricity, the electrical power of kilowatt x No. of hours = No. 


= No. of watts x No. of hours 
P=¥ = OV joules/second 1000 
t t = Volts x amperes x hours 
IV.t = Ty. j nd 1000 
t oe The students should carefully note that watt or 
A rate of working equal to one joulelsecond is kilowatt is the unit of power and kilowatt-hour 


called a watt, the unit of electrical power. or watt-hour is the unit of the electrical energy. 
We, therefore, obtain the important expression 9.19 ELECTRIC APPLIANCES 
] ; BASED ON HEATING EFFECT 
£ vans 6 OF CURRENT 
Since I = E by Ohm’s Law for the conductor, 
the power is also given by 
P=1x(xR)=FR watts (lli) 
2 
and also R S x VEU. + s (1V) 
watt is a very small unit of electrical power. So in ELEMENT 
practice we use bigger unit of power. A large unit TO SPIN PLUG 


of power in common use is the kilowatt. 
1 kilowatt (KW) = 1000 watt (W) 
9.18 WORK DONE BY A CURRENT 
IN TERMS OF POWER AND 
TIME (ELECTRIC ENERGY) : 
You know that power P is given as 
P=W 


t 
So, W=Pxt vy) 
From equation (v), you can calculate the work 


done by electric current in terms of power and time. D j S f 
Thus |W (joules) = P (watts) x t (séconds) . Fig. 9.23 Heating Appliances 


The joule or watt second is too small a unit Pres MSA 
for conveniently measuring large quantities of 
electrical energy. The unit of energy commonly 
used is the kilowatt-hour(KWh). The domestic 
electricity meter measures the amount of electrical 
energy consumed in the home in terms of this unit. 


The kilowatt-hour is the amount of energy 
consumed in one hour, when the power or rate of 
doing work is one kilowatt. 


1 kilowatt-hour = 1000 watt for 1 hour 


= 1000 watt for 3600 seconds Fig. 9.24 Heating Elements 
= 1000 joule/second for pee seconds Many of the heating appliances that are used in 
= 3600000 joule = 3-6 x 10°J the average home (common examples) are electric 


If the rate consumption of energy in kilowatts radiators, kettles, toasters, jugs, stoves, Electric 
is given, the number of kilowatt-hours used in a iron, water heaters etc. 
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GLASS BULB 


FILAMENT 
(TUNGSTEN) 


NICKEL WIRE 


COPPER WIRE 
“GLASS TUBE 
coiled 
filament 
BRASS CAP 
[FILAMENT LAMP] j 
Fig. 9.25 TERMINAL 


All of these devices make use of the heating 
effect of an electric current. In each case, a heating 
element (Fig. 9.24) is used. The element wire is 
usually composed of nichrome (an alloy of nickel 
and chromium) which has a very high melting 
temperature. As a rule, the wire is of such a size 
that the heat developed will not raise the 
temperature higher than red hot. The element is 
supported on a form made from some heat-resistant 
insulator, such as mica or porcelain. 


The element of the radiant heater in composea 
of inconel which gives off invisible infra red 
radiation. This warms objects that it touches, thus 
being only suitable for personal heat. The element 
is put in a frame with a polished reflector to beam 
the heat into the room. 


In industry, the heating effect of a current is 
also utilised for smelting metals and also in electric 
welding. In agriculture too, it is used for fodder- 
steamers, hay drying, incubators, etc. 


Electric Filament Lamps 

The first incandescent electric lamps were made 
by Edison in 1879. These had a filament of 
carbonised bamboo fibre, sealed into an evacuated 
glass bulb. When a suitable current was passed 
through the filament, it was heated to 
Incandescence and emitted a yellowish light. These 
ues were not very efficient and had a very limited 


Tungsten filaments were first used in about 
poe These could be heated to a higher 
ee and so gave more light for a given 
iene of electrical energy. In the modern 

escent lamp the filament consists of a very 
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fine tungsten wire made into a closely coiled spiral, 
which is then contained in a glass bulb filled with 
an inert gas, usually argon or nitrogen. 


The filament is heated by the electric current to 
a temperature of about 2500°C. The gas present 
lends to reduce the vaporization of the metal of the 
filament. This allows the filament to be operated at 
a higher temperature with a consequent increase in 
efficiency (i.e., it uses less electrical energy for a 
given amount of light radiated). 


9.20 ELECTROMAGNETISM : 
Electricity Produces Magnetism 
(Magnetic effects of Electric Current) : 


Before we discuss the magnetic effects of 
electric current,we must revise a few basic facts 
about the concept of the magnetic field and 
magnetic lines of force which you learnt in your 
previous class. 


Magnet : 
Any material which possesses the following 
properties is said to be a magnet. 

(i) When the material is dipped in iron filings 
the filings cling to it like whiskers, 
particularly in two places, and > 

(i) When the material is suspended so that it can 
rotate freely in a horizontal place, it will 
always settle down in a particular direction 
ie. towards north and south at a place. 

Loadstone, which is found to occur in nature, 
possesses the above mentioned properties, is 
known as a natural magnet. If we can induce the 
above mentioned properties in a material by 
artificial means, magnets obtained in this manner 
are known as artificial magnets. 


A magnet has two magnetic poles — north 
pole (N-pole) and the south pole (S-pole). These 
are the regions where the magnetic attraction is the 
strongest i.e., the magnetic power of the magne 
seems to be concentrated. The poles of a magne: 
cannot be separated by any practical means. A 
single magnetic pole cannot be isolated. 

Like poles repel and unlike poles attract each other: 

A compass meedle (Fig. 9.26) is a very small 
magnetic needle pivoted between two glass discs in 
a brass case. It is the closest approximation to an 
isolated north pole which does not exists. 


Drass CMY 
Fig. 9.26 (Compass Needle) 


MAGNETIC FIELD : 
It has been seen that a magnet attracts pieces 
of iron or steel even when they are lying at a 
certain distance away from it. A compass needle 
also placed at such a point is influenced by the 
magnet, although nothing happens in the space 
between the magnet and the needle, A screen of 
wood, glass or and other non-magnetic material 
will not obstruct the working of the magnet. The: 
influence is mysterious and similar to that of 
gravity. The idea of a force "acting at a distance" 
can be easily understood by introducing the concept 
of a field. The whole space all around a magnet in 
which the influence of the magnet (attraction, 
repulsion and induction ) can be felt is known as 
the magnetic field or the field of the magnet. 
The extent of this influence depends upon the 
strength of the magnet and the sensitiveness of the 
apparatus used for detecting this influence. The 
mainproperty of a magnet by which we measure 
the extent of this influence at a given point is the 
force of attraction or repulsion experienced by 
another magnet placed there. As this force depends 
upon the pole strength of the magnet placed at the 
given point, it is customary to suppose that north- 
pole (hypothetical northpole) of unit strength is 
placed there. (Just as we considered a test charge in 
the case of an electric field). Hence we define the 
Magnetic field intensity at a given point near 
a magnet as the force experienced by a hypothetical 
north pole of unit strength placed at that point 
(provided the presence of the pole does not disturb 
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the field ); the direction of this force gives the 
direction of the field. 


A hypothetical south pole will move in a 
direction opposite to that of the field. 


MAGNETIC LINES OF FORCE 

Let us consider a point P in the field of the bar 
magnet NS (Fig 9.27). Suppose a free and isolated 
north pole to be placed at this point. There are two 
forces acting on this isolated pole (i) a force of 
repulsion due to N-pole and acting along NP and 
(ii) a force of attraction due to S-pole and acting 


along PS. The resultant of these two forces will 


act along, say, PP’. If the free, isolated pole is now 
placed at R, thete will again be two. forces acting 
on it. These two forces differ in magnitude as well 
as in the direction from those acting at P and 
therefore their resultant will be acting in different 
direction, say RR’. Thus if a free and isolated north 
pole is placed in the field of a magnet, it will be 
moving along ai curved. path starting from 


Fig. 9.27 


the N-pole and terminating at the S-pole of the 
magnet. The path ( straight or curved) along which 
a free isolated north pole would travel in a 
magnetic field is called a magnetic line of 
force. It may also be defined as a curve, a tangent 


to which at any point gives the direction of the 


resultant field at that point. Generally we refer to 
an isolated north pole, but the path of an isolated 
south pole would be similar but in the opposite 
direction. The direction of the movement of a 
north pole is taken as the positive direction of the 
line of force. 


: < LINE OF 
SEOLUNG I Deby, FORCE 
COMPASS NEEDLE S N 
Fig. 9.28 


In practice it is not possible to obtain a single 
pole but we can use a small compass needle for 
tracing the lines of forces (Fig. 9.28). This needle 
will come to rest along a line of force. Instead of 
using a compass needle, it is much simpler to use 
iron filings to show the direction of lines of force. 
Each small piece of iron is magnetised by 
induction and behaves like a small magnet. 


From each point of the north pole, one line of 
force starts and passing through space it terminates 
on a corresponding fixed point on the south pole 
and from the south pole it travels through the body 
of the magnet and ultimately retums to the starting 
point on the north pole. 


Properties of Magnetic Lines of Force : 


The following properties are attributed by 
Faraday to the magnetic lines of force : 


G) They are closed curves. 


(i) They start from the north pole and after 
travelling in air end on south pole and then 
continue through the body of the magnet to the 
north pole again. Inside the magnet they are 
known as lines of induction. 


(iii) They never intersect one another as, at one 
point ( the point of intersection) there cannot be 
two directions of the resultant magnetic field. 


(iv) They behave like stretched, elastic threads 

and tend to decrease in length (Longitudinal 
contraction ). They repel each other sideways 
(Lateral repulsion). 


(V) They start from a surface normally and also 
end at the surface normally. 


(vi) The lines of force are connected at the 
poles ; thus the number of these lines of force per 
unit area is a measure of the field intensity at a 
point in that area. When lines of force come closer 
together, it indicates a stronger magnetic field and 
vice-versa. 


_ (vii) There are no lines of force inside an iron 
ting as they tend to pass through iron rather than 
through air, 


While the magnetic lines of force may seem to 
the beginners to be quite imaginary, we shall find 
later on that they are very useful in explaining the 
various electrical and magnetic phenomena. 

Lines of force have no real existence, they are 


merely graphical representation of the magnitude 
and direction of magnetic force at any point in the 


field. These properties attributed to the lines of 
force can be utilized to explain ordinary phenomena 
like Induction, Attraction and Repulsion. 


MAGNETIC EFFECT OF ELECTRIC 
CURRENT : 


(Oersted’s Experiment) : 


The first discovery of any connection between 
electricity and magnetism was made by Hans 
Christian Oersted (1777-1851), Danish Scientist. in 
1820. Often during his lectures, at the university 
of Copenhagen. Oersted had demonstrated the non- 
existence of a connection between electricity and 
magnetism. His usual custom was to place a 
current-carrying wire at right angles to and directly 
over compass needle to show that there was no 
effect of one on the other. On one occasion at the 
end of his lecture, when several of the audience 
came up to meet him at the lecture room desk, he 
placed the wire parallel to the compass needle and 
not the least expecting it, saw the needle move to 
one side. Thus this great discovery was made quite 
by accident, but, such accidents come only to those 
who deserve them. Thus magnets are not the only 
sources of magnetic fields. Oersted discovered that 
a wire carrying current behaves like a magnet or a 
current in a wire was capable of generating a 
magnetic field. We now know from many other 
types of experiments that this is indeed the case, 
Further, more, there are indications that the 
magnetic field of a magnet may also be the result 
of the motion of charges. 

When the current flows through a wire, there is 
no net charge on the wire—the number of electrons 
entering at one end is equal to the number of 
electrons leaving the other end. Hence, there is no 
net electric field around the wire. It is only a 
moving charge that produces a magnetic field. 

Oersted placed a compass needle NS (Fig 
9.29) on the table and held a wire PQ over this 
needle. On passing current in the wire found that 

(i) the N-pole is deflected towards the west 
when the current flows from S to N i.e. P to Q 
[Fig.9.29 (a)]. 

(ii) the N-pole is deflected towards the east 
when the current is reversed [Fig.9.29(b)]. 

(iii) the deflection is reversed when the wire is 
placed below the needle. 

(iv) there is no deflection of the needle if there 
is no current flowing in the wire. 


(a) 


Fig. 9.29The deflection of a magnetic needle under 
the influence of an electric current. 


It follows from this experiment that whenever 
current is passed through a conductor, it produces a 
magnetic field around it. The direction of this 
magnetic field is given by Ampere’s 
Swimming Man Rule stated below : 


z—* 


Fig. 9.30 Swimming rule 


"Suppose yourself to be swimming along the 
conductor carrying current, so that the current 
enters at your feet (Fig.9.30) and leaves at your 
head and you are looking at the needle,the north 
pole of the needle will be deflected towards your 
left." 


D Q -C 
Oa 
dl i 
A P B KK 
Fig. 9.31 The direction of the magnetic field round 
a straight conductor carrying current. 
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Ampere’s rule may be remembered by the word 
SNOW which means that if the currents flow 
from South to North and the wire is over the 
needle, the north pole is deflected towards West. 


MAGNETIC FIELD DUE TO A 
STRAIGHT CONDUCTOR (ARAGO’S 
EXPERIMENT) : 


Arago took a card-board piece ABCD and fixed 
it horizontally and passed a thick copper wire PQ 
vertically through the board (Fig 9.31). A strong 
electric’ current was passed through this wire 
following from P to Q [Fig.9.31 (a)] and iron 
filings were sprinkled on the card-board and the 
card-board was then gently tapped. The filings 
arranged themselves in concentric circles with their 
common centre at O where the wire passes through 
the card-board. These iron filings arranged 
themselves along the magnetic lines of force round 
the conductor. The N-pole of a magnetic needle 
placed anywhere near the conductor tends to move 
in the anticlockwise direction. 


If, however, the direction of the current is 
reversed [Fig.9.31(b)], the north pole begins to 
point in the clockwise direction, 


Maxwell’s Right-Hand Rule : 


Arago’s experiment also clearly shows that an 
electric current is always associated with a 
magnetic field. The direction of this field is given 
by the Maxwell Right Hand Rule stated on 


[s 
= 
w 
tr 
Œ 
2 
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Fig. 9.32 Maxwell's Right hand rule for determing 
the direction of the field round a conductor 
carrying current. 


eee 


“Hold the thumb of your right-hand at right 
angles to the fingers. Grasp the wire carrying 
current in the right-hand so that the thumb points 
along the wire in the direction of the current ; the 
fingers will then point in the direction of the 
magnetic field i.e., in the direction in whith the 
north pole will be defleced.” 


1 


~ E 


Fig. 9.33 Cork Screw Rule. 
The direction of the magnetic field around a 
conductor can also be determined with the help of. 
the Cork-Screw Rule in the following way : 


"Imagine an ordinary right-hand cork screw to 
be lying with its direction coinciding with the 
conductor carrying current and to be twisted so that 
it travels in the direction of the current, then the 
direction in which the thumb rotates gives the 
direction of the lines of force (Fig. 9.33) i.e., the 
direction in which the north pole tends to move 
round the wire. 


FIELD PATTERN DUE TO A CIR- 
CULAR-COIL CARRYING CURRENT : 
Take a sheet of card-board ABCD and make 
two holes (P and Q) in it a little apart from each 
other. Pass a thick stout copper wire through these 
holes bent in the forms of a circular loop as shown 
in Fig. 9.34. Hold the card-board horizontally, so 
that the coil is in the vertical plane and sprinkle 
iron filings upon it. Pass a strong current through 
the copper wire and tap the sheet a little. The iron 
filings are seen to adjust themselves along the 
directions of the magnetic field due to the current in 
the coil. At points where the wire passes through 


the sheet, the lines of force are almost circular. 
their direction being given by the right hand rule. 


Fig. 9.34 The magnetic field round a circular 
coil of wire 


It will be noted that the field at the centre of 
the circular coil is away from the observer and 
perpendicular to the plane of the coil. The lines of 
force at the centre are practically straight showing 
that the magnetic field due to the current in the coil 
is practically uniform. If the current is reversed 
i.e., anticlockwise, the field will be towards the 
observer. 


With the help of clock rule the polarity of 
any face of the coil can be determined. If the current 
round any face of the coil flows in an anti- 
clockwise direction, it behaves like a north 
pole. Similarly, if the current flows in the 
clockwise direction, the face acts like a south 
pole. 


MAGNETIC 
SOLENOID : 

A long coil of wire is called a solenoid. The 
magnetic field due to current flowing in a Solenoid 
is shown in Fig.9.35. 

It is even more obvious here that the field is 
identical with that of a bar magnet. Such a 
solenoid (when a current is flowing through it), if 
suspended freely, will set itself along N and S like 
a compass needle. The ends of the current-bearing 
solenoid are attracted or repelled by a bar magnet. 

An important difference between a current 
bearing solenoid and a bar magnet is that the 
solenoid is hollow and has an intense magnetic 
field along its axis, while a magnet is solid. It 
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Fig.9.35 Field due to a solenoid 


should be noted that in Fig.9.35 the lines of force 
inside the solenoid run for the end of south polarity 
to the end of north polarity. The positive direction 
of the magnetic field inside a solenoid is from the 
south end of the north end. 


Students Activity : 

Arrange the device as shown in Fig. 9 .36 
Here the turns of the solenoid are passed through 
the top of the cardboard table. 


SOLENOID 


Fig. 9.36 


- Spread some iron filings on the cardboard. 
Connect the solenoid to the batterry of dry cells and 
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tap the table gently. What do you observe ? How 
do the iron filings arrange inside the solenoid ? 
What does the distribution of magnetic lines of 
force demonstrate ? 


Determine the poles of the coil with the help 
of a magnetized needle. From which pole do the 
magnetic lines of the force emerge ? 


Magnetizing Action of a Solenoid 

If a bar of iron is placed inside a solenoid 
Carrying a strong current it becomes magnetized. 
The end of the bar at the end of north polarity of 
the solenoid acquires a North pole and the other end 
a South pole. This is a much quicker and more 
effective method of Magnetizing than stroking with 
a bar magnet. The direction of magnetization 
clearly depends on the direction of the current and 
the way the solenoid is wound (Fig. 9.37). 


RTL 


To sum up the properties of a current-carrying 
solenoid. 


(i) Outside it resembles a bar magnet. 


Gi) Inside it has a strong magnetic field from 
south end to north end ; hence it is valuable for 
magnetizing. 

The Electromagnet : 

We have seen that a solenoid carrying current 
behaves like a magnet. If a bar of iron is inserted in 
the solenoid, the strength of the magnet is much 
increased, since the lines of force due to the 
magnetized iron are added to those due to the 
current in the solenoid. Such an arrangement (i.e., 
solenoid with an iron core) is called an 
electromagnet. It was invented by Sturgeon in 
1825. 


The strength of the electro-magnet is 
proportional to the product of the strength of the 
current in amperes and the number of turns per 
centimeter. This product is often called the ampere- 
turns. If many turns of wire are used, weak current 
will produce as strong a magnet as a stronger 
current flowing through fewer turns. 


When we compare the effectiveness of steel 
and soft iron core in an electromagnet, we see that 
the field is stronger in the case of soft iron core. 
But steel retains a small amount of magnetism 
even when the current has ceased to flow in the coil 
of the electromagnet, whereas in the case of soft 
iron core the magnetism disappears altogether as 
soon as the current ceases to flow in the coil of the 
electromagnet. 


Make a coil of 30 turns of an insulated copper 
wire around a large iron nail. This will be our 
electromagnet. Connect the ends of the 
electromagnet to a storage battery through an 
ammeter and a rheostat as shown in Fig. 9.38. 
Bring some paper clips near one end of the 
electromagnet. Switch on the current and adjust it 
to a strength of 1 ampere with the help of the 
rheostat. What do you observe ? Count the number 
of paper clips attracted to the end of the 


electromagnet. 


Repeat the experiment with a coil of 60 turns 
of the same copper wire over the same nail. Adjust 
the current to 1 ampere and find out how many of 
the clips are attracted this time ? 


‘ELECTROMAGNET 
: AMMETER 


+ 


RHEOSTAT 


Fig. 9.38 


Do we conclude that the strength of the 
magnetic field of the electromagnet increases with 
the increase in the number of tums of the coil 
provided the current is kept constant ? 


Now repeat the experiment with an 
electromagnet of 30 turns. Adjust the strength of 
the current to 2 amperes. Find out the number of 
clips attracted to the electromagnet. What do you 
conclude ? 
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-Uses of the electromagnet : 

Electromagnets have different shapes depending 
on their purpose Fig. 9.39 shows a horse-shoe 
electromagnet holding a weight suspended from it. 
The horse-shoe electromagnet possesses more 
lifting force than a bar electromagnet because it 
attracts by its two poles simultaneously. 
Electromagnets are used for lifting heavy masses of 

- iron and steel such as girders, scrap iron, or a cargo 
of nails, for separating iron and copper scraps for 
picking out tins and iron from a city's refuse, and 
in hospitals, for drawing out pieces of iron lodged 
in the human eye. 


Electromagnets are also used when iron ore is 
to be.separated from rocks in iron ore mines (Fig. 
9.40). à 


Tramcars are fitted with a slipper 
electromagnetic brake. The slipper consists of an 
iron block carried just above the rail ; the upper 
part of the block is wound as an electromagnet. 
When the current is switched on, the block is 
attracted to the rail and acts as a very efficient 
brake. 


Fig. 9.40 


Lamps are made with an electromagnet in the 
base which clings to iron when the lamp is 
Switched on. 


Other most 
electromagnets are : 


(i) The electric bell (ii) Electric Telegraph (iii) 
Telephone (iv) Dynamos or generators (v) Electric 


useful applications of 


* Magnetic field does not exert a force on the wire. It exerts a 


motor (vi) Microphone, etc. 


9.210 FORCE ON A CURRENT 
CARRYING CONDUCTOR IN A 
MAGNETIC FIELD (FLEMING'S 
LEFT HAND RULE) 


Magnetism Affects Current : 


We have seen that when a magnetic needle is 
placed near a wire carrying a steady electric current, 
the magnetic needle experiences forces tending to 
move its poles in directions perpendicular to the 
wire. In accordance with the principle of action and 
reaction, one would expect that there would be 
equal and opposite forces exerted on the wire 


carrying the current. For this, let us do the 
following activity: 


Fig. 9.41 


Loosely support a long thick copper wire from 
a copper wire loop (Fig. 9.41) so that it hangs 
vertically between the poles of a horse-shoe 
magnet, with its lower end just dipping into 
mercury held in a small metal cup. Connect the 
mercury in the cup and the copper loop through a 
tapping key to a dry cell. Close the key and 
observe the action on the conductor. 


» You will see that the wire is observed to move 
iri a direction at right angles to the magnetic lines 
of force of the magnetic field between the poles of 
the horse-shoe magnet, This indicates that a *force 
acts upon a current-bearing conductor placed in a 
magnetic field. Now change the direction of the 


force on a moving charge whether it 


moves in a face space or in a wire. Since the charges moving in a wire are confined to the body of the 


wire, the wire itself experience a force. 
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current flow in the conductor and observe the effect 
in the conductor. This time the copper wire is 
found to move in the opposite direction. 

Now turn the horse-shoe magnet by 180° 
keeping the copper wire in-between the poles of the 
magnet i.e., interchange the positions of North 
and South poles of the magnet and thereby change 
the direction of the lines of force of the magnetic 
field. Now switch on the current in the copper wire 
and observe the effect on it. You will find it to be 
deflected in a direction opposite to the previous one 
ig. 9.42). 


Gm 
AUTE 


Fig. 9.42 


So we conclude that the direction of the 
mechanical force upon the current-bearing 
conductor placed in a magnetic field depends upon : 

(i) the direction of the flow of current in the 

conductor ; and 


(ii) the direction of the magnetic field. 


From experiments it has been found that the 
direction of this mechanical force is perpendicular 
to both, the direction of the magnetic field and the 
direction of the current in the conductor. 

The magnitude of the mechanical force (F) 
experienced by the wire carrying current is 
proportional to the current (7) it carries and also the 
length (/) of the wire that is in the magnetic field 
LED 

F «Il 


oL F2BII 


where B is a constant of proportionally and is 
known as the magnetic field. It is a vector quantity. 


In the SI units, F is measured in newton, I in 
ampere and / in metre. Thus 8 = n is measured 
in newton per ampere-metre. This unit, newton per 
ampere-metre, is called tesla (T). A smaller unit to 
Measure magnetic field is gauss because tesla is a 
fairly big unit. 


1 gauss = 104 tesla 
Magnetic field of the earth near the surface is about 
0:3 gauss. 


Fleming’s Left—Hand Rule is a 
convenient rule for helping to remember which 
way the current-carrying conductor in a magnetic 
field would move. 

The thumb, and first finger and middle finger 
of the /eft hand are held mutually at right angles to 
each other (Fig. 9.43). Then the direction of 

(a) the Field is represented by the first finger. 
(b) the Current is represented by the middle- 


finger, and 
(c) the Motion of the conductor is represented by 
the thumb. Jj 
1 MOTION 


{CURRENT 


Fig. 9.43 

Earlier we have studied that an electric current: 
is just a flow of charges. Thus, moving charges in 
free space, like currents in a wire, also experience 
force in a magnetic field. The direction of the force 
on a moving positive charge is exactly the same as 
that of a current and is give by Flemings left-hand 
rule. In the case of a moving negatively charged 
particle the direction of the force is opposite to that 
on similarly moving positive charge. On account 
of this force, if a moving charged particle enters a 
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magnetic field which is perpendicular to its 
motion, it experiences force perpendicular to both, 
its velocity and the field. Hence it is deflected from 
its straight line path. If the field is uniform and the 
particles move in a plane normal to it, then they 
will move in a circle ; the radius of the circle being 
larger for higher energies. Charged particles can 
thus get trapped inside a magnetic field. 


One of the exciting discoveries related to the 
deflection of charged particles by a magnetic field 
was the so-called Van Allen radiation belt. This 
discovery was made possible by using unmanned 
Satellites. This belt is a vast zone of trapped 
charges encircling the earth above the equatorial 


CONDUCTOR 


GALVANOMETER 
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regions. The charged particles are derived mostly 
from the sun and are trapped by the magnetic field 
of the earth. 


The effect of a magnetic field on moving 
charges has been used in television, Oscillos-copes 
and also in machines which are used to accelerate 
charged particles used for scientific Iesearch. One 
such machine, called a variable energy cyclotron is 
being put up in Calcutta. : 


9.22 ELECTRIC MOTOR 
An electric motor is a device which 
changes electrical energy into mechanical energy. 


It is found that if a conductor carrying current 
MOTION 


GALVANOMETER 
(b) 


Fig. 9.45. 


(or a Jive conductor) is placed in a magnetic field, it 
experiences a force and hence begins to move. This 
action is known as the motor effect. The direction 
of motion of the conductor is given by Fleming’s 
Left-Hand Rule. 


There are different types of electric motors. 
Motors are made for working on different voltages. 
Some work only on alternating current (A.C.); 
some only on direct current (D.C.) and some work 
on both A.C. and D.C. 


The principle of a D.C. motor is shown in 
(Fig. 9.44). It consists of a coil ABCD wound on a 
soft iron-core which is known as the armature. The 
ends of the armature coil are connected to the two 
halves (R; and R5) of a split rings or commutator 
made of copper. Two Copper brushes B; and By 
lightly press against the split rings R; and R3. The 
armature coil is placed between the two poles N 
and S of a strong magnet. Current is passed 
through the armature coil by connecting the 
brushes to a battery. 


When a current is passed through the armature 
coil ABCD, a force will act on each arm of the coil 
as it is placed in the magnetic field. The magnetic 
field pushes AB down and CD up according to 
Fleming's Left Hand Rule. This moves the coil 
anticlockwise. At half rotation, the polarity of the 
commutator changes since now it is Rọ which 
contacts the brush B; and R; contacts B5. This 
reversal pushes CD down and AB up. Thus the 
armature coil begins to rotate and a continuous 


INDUCED emf 


MOTION 


(A) CHANGE IN FLUX LINKAGE 


Fig. 


rotatory motion is obtained. The rotation of the 
armature coil can be conveyed by means of a belt 
to any machine. 


Applications : 

Electric motors are used in industry and in 
domestic appliances such as lathes, drills, table 
fans, ceiling fans, washing machines, refrigerators ; 
mixers ; vacuum cleaners ; blowers ; electric 
pumps. Theyn are also used in electric lifts, cinema 
projectors ; electric trains and trams. 


9.23 ELECTROMAGNETIC 
INDUCTION 

In 1819 Oersted discovered that an electric 
current produces a magnetic field in the space 
around it. Efforts started immediately to produce an 
electric current with a magnetic field. In 1831 this 
was finally achieved independently by Micheal 
Faraday in England and by Joseph Henry in the 
United States. Faraday proved beyond any doubt 
that an electric current can be induced in a closed 
circuit by varying the magnetic field intensity or 
the number of magnetic lines of force passing 
through the circuit. The change of magnetic lines 
of force can be produced by a relative motion 
between the circuit and a magnetic field produced 
either by'a magnet or by another circuit or 
conductor carrying an electric current. This 
phenomenon of production of an electric current in 
a circuit by the help of a magnetic field is called 
electromagnetic induction. 


INO INDUCED emf 


MOTION 
(B) NO CHANGE IN FLUX LINKAGE 


9:46 


281 


The current produced in this way is called 
induced current. In its nature it is not different 
from other electric currents. The electro-motive 
force (e.m f.) or potential difference producing such 
current is known as induced e.m.f. (or induced 
potential difference). 


The number of magnetic lines of force (or 
magnetic flux) through a closed circuit may be 
changed by one of the following ways : 


l. by moving a magnet in the vicinity of the 
circuit, 

2. by changing a current flowing in a circuit 
lying near the given circuit, 


3. by varying the distance of the given 
circuit from another circuit carrying current, 


4. by changing the current in the circuit 
itself, and 


5. by moving the circuit itself in the 
magnetic field. 


We shall examine some of Faraday's 
experiments to understand their Significance, 
Suppose we connect a sensitive galvanometer in a 
closed conducting loop as shown in Fig. 9.45. A 
segment of the conductor is poised in the field flux 
(magnetic lines of force) of a Strong magnet. In 
Fig. 9.45 (A), as the conductor is moved down 
between the poles of the magnet, there is a 
momentary deflection of the galvanometer needle, 
indicating an induced current. The needle shows no 
deflection when the conductor is stationary in the 
magnetic lines of force. This leads to the 
observation that the induced current is related to the 
motion of the conductor in the magnetic lines of 
force (or the magnetic flux). 


Raising the conductor between the poles of the 
magnet, as in Fig. 9.45 (B), results in another 
momentary deflection of the galvanometer needle, 
this time in the opposite direction. This leads to 
the observation that the direction of the induced 
current in the conductor is related to the direction of 
motion of the conductor in the magnetic field, The 
e.m.f. (potential difference) induced in the 
conductor is of opposite polarity to that in the first 
experiment. 


Faraday found that he could induce an e.m. f. in 
a conductor either by moving the conductor 
through a Stationary magnetic field or by moving 
the magnetic field near a Stationary conductor. He 
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conductor. 


So far, we have considered the relative motion 
of the conductor to be essentially Perpendicular to 


Suppose the conductor. is looped so that 
Several turns are poised in the magnetic field as in 


of force, greater deflections are produced, 
CONDUCTOR 


GALVANOMETER 
Fig. 9.47 


move the conductor across a magnetic field, we are 
really moving the electrons and other particles in 


the conductor across the magnetic field. The 
magnetic field will exert a force on these charges, 
and some of these electrons are free to move in the 
direction of the force. This results in the induced 
current, if the conductor is part of a complete 
circuit. If the conductor is not part of a complete 
circuit, excess electrons pile up at one end of the 
conductor, making it-negative. The other end will 
have a deficiency of electrons and be positive. 


The direction of the induced current is given by 
Fleming’s right-hand rule (Fig. 9.48) which 
is stated below : 


Stretch the thumb, the fore-finger and the 
central finger of the right-hand mutually 
perpendicular to one another. If the thumb 
represents the direction of motion of the conductor, 
the fore-finger represents the direction of the 
magnetic field, then the central finger points in the 
direction in which current is induced in the circuit. 


Fig. 9.48 
Modern technology is largely de 


pendent on the 


: ML i i ive electric 
Production and distribution of inexpensive elec 
Power. These accomplishments were made scan 
by the discoveries of Faraday which ra ee G 
invention of electric generators and transformers. 


9.24 ELECTRIC GENERATOR (OR 


DYNAMO) z / 
The induced current observed in the experiment 
in Art. . 9.23 is usually very small. But one p 
construct devices to produce large currents zi * 
in industry and homes. Such devices ví Aa 
electric generators. A small generator ue o 
bicycle and other vehicles is popularly kno 
dynamo. 


is, thus, a 
7 tor (or dynamo) 1s, 1 
An electric generator f lectric current by 


machine used for generating € une in WIE 
mechanical means, OT @ TOC P^ RET, 
mechanical energy is changed into electrical energy. 


It works on the principle of electro-magnetic 
induction i.e., whenever the number of magnetic 
lines of force passing through a conductor (a wire 
ora rod) is varied, an emf (or current) is induced in 
it, The strength of the emf (or current) produced is 
directly proportional to the strength of the 
magnetic field and the speed with which the 
conductor moves. The direction of the induced 
Soe is given by Fleming’s right-hand rule (Art 


When the electric current produced by a 
dynamo or an electric generator changes its 
direction of flow continuously and periodically in a 
circuit several times in a second, the current is 
known as an alternating current (A.C.) and the 
machine that produces it is known as an alternating 
current generator (A.C. Generator) or A.C, 
Dynamo. An alternating current is shown 
graphically as in Fig. 9.49. When the electric 
current produced always flows in and the same 
direction and has a constant. strength, it is known 
as direct current (D.C.) (Fig 9.50) and the machine 
that produces it is known as direct current generator 
(D.C. Generator) or D.C. Dynamo. 


(ALTERNATING CURRENT) 
Fig. 9.49 


(DIRECT CURRENT) 
Fig. 9.50 


A simple electric generator is shown in Fig. 
9,51. It consists of four main parts : 


.() Armature, Armature ABCD consists of 
a large number of loops or coils of insulated wire 
wound on a soft iron drum, (Fig. 9.52) or ring. It 
revolves round an axle between the two poles of a 
strong magnet and this cuts the magnetic lines of 
force running from north pole to the south pole. 
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This drum or ring of soft iron serves two 
purposes : (a) it serves to support the coils and (5) 
increases the magnetic field by substituting iron for 
air core for magnetic lines of force. 


(ti) Field Magnets. The magnetic field is 
produced by a permanent magnet in the case of very 
small low power dynamos and by electromagnet in 
the case of big dynamos. In the latter case the 
electromagnet (N and S) is excited by the cufrent 
generated by a small direct current generator 
mounted on the same axle and driven by the same 
power which keeps the dynamo armature rotating. 


Fig. 9.51 


(ui) Slip Rings. Slip rings (R, and R3) 
are two metal rings to which the ends of the 
armature coil are connected. These rings are fixed to 
the shaft which rotates the armature coil and thus 
they also rotate along with the armature. 


Fig. 9.62 (ARMATURE) _ 


(v) Brushes. These are two flexible metal 
plates or carbon rods (B; and B5) which are fixed 
and constantly touct the revolving rings. It is with 
the help of these brushes that the current is passed 
on from the armature and rings to the main wires 
which supply the current to the lamps (L) in the 
streets and houses. 


Working. The pri 
electric generator will be « 


> of working of an 
ar from Fig. 9.5]. 


Suppose the armature coil ABCD rotates in 
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the anticlockwise direction. As it rotates, the 
magnetic flux linked with it changes and the 
current is induced in the coil, the direction of which 
is given by Fleming's Right Hand Rule. 
Considering the armature to be in the vertical 
position and as it rotates anticlockwise, the wires 
AB move downwards and DC move upwards, the 
direction of the induced emf is from B to A and D 
to C i.e. in the coil it flows along DCBA., (Fig. 
9.51). In the external circuit the current flows 
along B,LB>. This direction of current remains the 


same during the first half turn of the armature. 
During the second half revolution, the wires AB 
move upward while the wires CD move 
downwards. The current flows in the direction 
ABCD in the armature coil, Fig.. 9.53. i.e., the 
direction of induced current in the coil is reversed. 
In the external circuit the current flows along 
B;LB;. Therefore, the direction of the induced emf 
and the current changes in the external circuit also 
after every half'a revolution. Hence the current thus 
produced is alternating in nature (Fig. 9.54). 


However, the magnitude of the. induced emf 
and hence that of the induced current is not 
constant. When the coil is in the vertical position 
9 = 0°, maximum number of lines of force is 
passing through it but the number of lines of force 
Cut is zero. Hence induced emf is zero, As the coil 
rotates, the rate of cutting of magnetic lines of 
force goes on increasing and it is maximum when 
the coil is in the horizontal Position, 6 = 90°. 
Thus the magnitude of the induced emf is 
maximum. When the coil rotates further the rate of 
variation in the number of magnetic lines of force 


cut by the coil again decreases and induced emf falls 
to zero at the position when 0 = 180°. The coil in 
this case is once more vertical to the magnetic 
lines of force. 


emf 


360° 


ANGLE OF 
ROTATION (e)! 


1800 270° 


Fig.9.54 


When the coil rotates further, the induced emf and 
hence induced current starts in the opposite 
direction and rises to the maximum value at 6 = 
270° and again falls to zero at 0 = 360° , the 
direction remaining the same. These changes are 
shown in Fig. 9.54 graphically. Such a current 
which changes direction after equal intervals of 
time is called an alternating current and the device 
shown in Fig. 9.51 is called an A.C. generator or 
A.C. dynamo. Most power stations constructed 
these days produce A.C. in India ; the A.C. 


changes direction after every 1/100 second, i.e., 
the frequency of A.C. is 50 Hz. 


A very important advantage of A.C. is that it 
can be transmitted over long distances without 
much energy loss. A.C. dynamos are used in 
industry and electric power plants. 


D.C. Dynamo : A D.C or direct-current 
generator can be constructed with a slight 
modification of the above A.C. generator. We use 
the same field magnet and armature coil, but 
instead of slip rings, we use split rings (or a 
commutator) Rı and R5 which are halves of the 
same ring as shown in Fig. 9.55 (a). The ends of 
armature coil are connected to these rings and the 
rings rotate with the armature and change the 
contact with the brushes B; and Bp. 


The working of a D.C. dynamo is similar to 
that of an A.C. one. Let the coil be rotated in the 
clockwise direction. The current produced in the 
armature is A.C. but the commutator changes it 
into D.C. in the outer circuit. In the first half 
cycle, [Fig. 9.55 (a)] the current flows along 
B,LB;jR2DCHAR|B,. The current in the external 
circuit flows along BLB}. In the second half cycle, 
Fig. 9.55 (b), current in the armature is reversed 
and flows along R;AHCDR, and as the ring R} 
comes into contact with the brush B» and the ring 
R5 comes into contact with the brush B}. The 
current in the circuit now flows along 
B,LB3R; AHCDR5Bj. The current in the external 
circuit again flows from the brush B; to By. Thus 
the current in the external circuit always flows in 
the same direction. ; 


270° 


e.m.f. or current — >> 


Angle of rotation of the coil 
Fig. 9.56 


The current produced in the outer circuit is 
graphically represented in Fig. 9.56 as the coil is 
rotated from the vertical position perpendicular to 
the magnetic lines of force. The current generated 
by such a simple D.C. dynamo is unidirectional 
but its value varies considerably and even falls to 
zero twice during each rotation of the coil. 


D.C. dynamos are used in bicycles and cars. 
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9.25 ELECTRIC POWER PLANTS 


The principle on which a dynamo or a 
generator works (i.e. the generation of electricity 
by rotating a coil in a magnetic field) is used to 
produce large amounts of electriciy in power plants 
and stations. The power produced may be a few 
kilowatts in diesel generator sets (gensets) or as 
high as a few hundred megawatts (mega = million 
= 10°) in atomic power plants or hydroelectric 
stations. 


The coil is fixed on a common shaft with a 
turbine. A turbine has a rotor with blades or vanes 
and is driven by the pressure of moving water, 
Steam or air (Fig. 9.57). When the turbine rotates, 
the coil rotates with it and generates electricity by 
electromagnetic induction. At present four different 
types of power plants are in use to produce most 
commercial electric power. 


(i) Hydroelectric Power Plant : In 
hydroelectric power plants, a dam is used to create a 


POWER LINES 
TRANSFORMER 


GENERATOR 


WATER WHEEL RUNNER (TURBINE) 


large reservoir of water. As the water is allowed to 
fall down a penstock, its potential energy is 
converted into kinetic energy and at the bottom the 
fast moving water turns the blades of a turbine. 
This rotatory motion is then transferred to a 
generator or dynamo (Fig 9.58). 


(ii) Thermal Power Plant : Fossil fuels, 
such as coal, oil or natural gas, are used -to heat 
water, producing high pressure steam in a boiler. 
The steam then flows past the blades of a turbine 
into a low pressure area, and the rotation of the 
turbine is transferred to a generator which produces 
electricity. Thus the chemical energy of the fossil 
fuel (coil, oil, gas) is converted into thermal energy 
of steam which is converted into mechanical energy 
of the blades of the turbine, Finally the dynamo or 
generator converts this mechanical energy of the 
turbine into the electrical energry. 


(üi Diesel Generator e 


S J In internal 
combustion engines, such as diesels 


fuel (diesel 


—WATER — 
RES ERVOIR 
—————Z 


Fig. 9.58 Hydro-electric power plant 
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POWER STEP UP 
station Transformer 


k V or 400 kV) 


Heavy Industry 
(33 k V) 


Light Indust 


Supergnd 
(275 kV 
(25k V) (25 kVto 275 or400 kV) 


Transformer 
(275 k V or 
400 k V to 
132 k V) 


y 
Towns, Village and Farms 


(415 V or 220 V) 


Transformer STEP DOWN Transformer 
(132k V to Transformer (11KkVto415 V 
to 33 k V) (33 k V to 11k V) and 220 V) 


Fig, 9.59 


oil) is burnt and the rotary output is used to turn 
the rotor of a generator. This type of power plant is 
used at isolated locations (shops or buildings) or in 
regions that have vast quantities of natural gas or 
fuel oil. 


Power station 


(iv) Atomic Power Plant or A 
Nuclear Reactor : A nuclear reactor can be used 
to generate a considerable amount of heat, which 
super heats steam to high pressure. The steam then 


Consumers requiring 
power P at p. d. V 


Supply lines of total resistance R 


carrying curren 


tl 


Fig. 9.60 
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AMMETER 


Fig. 9.61 


passes through the blades of a turbine, the shaft of 
which is connected directly to the armature of a 
generator. | 


In a nuclear reactor, an enormous amount of 
energy is obtained by splitting nuclei of heavy 
elements such as uranium, plutonium etc., in a 
nuclear fission reacion. 


Wind generators are used experimentally, 

The electrical power produced in these power 
plants is usually alternating current (A.C.) and the 
voltage may be as high as 25 kV. 

Once the electrical energy has been produced, it 
is normally transmitted from one place to another 
in a conductor called a transmission (power) 
line, 

Long Distance 
Electrical Power ; 


In the largest modem Power stations electricity 
is generated at about 25 kV (50 Hz) and stepped up 
in a transformer to 275 kV or 400 kV for 
transmission over long distances, The p.d. is 
Subsequently reduced in Sub-stations by other 
transformers for distribution to local users at 
suitable p.d.s.; 33 kV for heavy industry, ll kV for 
light industry and 220 V for homes, schools, 


Transmission of 
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Shops, farms etc.,. (Fig. 9.59). 

Why high p.d.s. are used : Suppose electrical 
power P has to be delivered at a p-d. V by supply 
lines of total resistance R, (Fig. 9.60). The current 
I = P/V (since P = IV) and the power loss in the 
lines = PR = (P/V?R. Clearly, the greater V, the 
smaller is the loss—in fact, doubling V quarters 
the loss. Electrical power is thus transmitted more 
economically at high p.ds. but on the other create 


- insulation problems and raise installation costs, 


9.26 ELECTRIC FUSE 
Electricity can be very dangerous, It must 
therefore be treated with great Iespect and only by 
safety protection. 


The dangers are real. (1) A short circuit can 
Cause a fire, an explosion or shock damage to a 


* For further knowledge only 


^ 


A wire gets hotter as the current flowing in it 
increases. The electric wiring in a house will stand 
a certain current without the wires getting too hot 
to cause any damage. But consider the experiment 
illustrated in Fig. 9.61. 


1n the first circuit board, the three lamps will 
glow equally bright with normal brightness. What 
will happen if a length of copper wire (copper is a 
very good conductor) is put across the connecting 
leads as shown in the second diagram ? What 
happens to the current ? (If you are in any doubt, 
try the experiment yourself). 


Now consider what would happen if the leads 
to an electric radiator touched each other or if a 
short length of copper wire accidentally fell across 
the points A and B in the illustration Fig. 9.62. 
(This is NOT an experiment to try ; it could be 
very dangerous and you might get a shock.) 


WALL SOCKET 


Fig. 9.63 


The current would clearly be large indeed, and 
im mains wire might get very hot and cause a fire 
3 ff ac there was some automatic way of switching 
alig e current. A small length of wire with 
w melting point meets this need. This 


is called a fuse wire. It is made up of tin or som 
alloy (tin and lead)—{tin 63% + lead 37%). i 


Fig. 9.64 


In the wiring circuit, such a is i | 
which will burn out if the current deca ded 
amount. The fuse wire is normally fixed in a 
special holder (Fig. 9.63) inside a fuse box (Fig. 
9.64). When the current gets too great, the fuse 
burns out and the main electric wiring is protected. 
It would be difficult to repair the wire in the wall 
of a room, but it is an easy business to go to the 
fuse box, take out the fuse holder and replace the 
fuse wire. 


When the two leads to an electric fire or to 
another electric appliance touch or are accidently 
joined in some way as illustrated with the electric 
fire above, we call it a ‘short circuit’ or we say the 
circuit is ‘shorted’. 


It is important to remember that there is 
always a reason why a fuse wire burns out. It is 
not good just replacing a fuse wire, as the new fuse 
wire will burn out again. It may be caused by a 
family appliance, in which case the appliance, an 
electric fire, an electric iron or whatever it is, must 
be disconnected first before repairing the fuse. 


Another common cause for a fuse blowing is 
overloading the circuit. What would happen when 
the current is switched on if an electric kettle, an 
electric toaster and an electric fire were all plugged. 
into a light socket using two or three way 
adaptors ? ied 

It is always wrong: to connect electric fires, 
toasters or kettles, which need quite a lot of 
current, to the electric light circuit, at the same 
ume. 
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A common fault is frayed leads (Fig. 9.65) or 


Fig. 9.65 


old leads trailing around a room. It is not 
satisfactory to rely on two lengths of flex tied up 


Fig.9.66 


|. together with insulating tape (Fig. 9.66). Such a 
connection is always a possible source of trouble. 
Why is it unwise to tack long lengths of flex 
around the walls ofa room? 4 


What might happen in the picture (Fig. 9.67) 
illustrated below ? What other causes of fuse- 


one of the leads to an appliance is not securely 
fixed inside the plug ? 


Fig. 9.67 


It is very common practice to use electric 
plugs which have a fuse inside them. The fuse in 


' these is usually a little cartridge fuse [Fig. 9.67 (a) 


& (b)] ; the fine wire inside melts as soon as the . 
current exceeds the stated value. 


What kind of fuse wire be used in the plug 
will, of course, depend on the particular appliance. 
The following table shows the probable currents 
and the type of fuse that might be used with a 220 
volts mains supply. 
———— HESSEN: 

Current Fuse Needed 
Appliance Power Required For Safety 


— EEE EE npn MEE 


Table lamp 60 W 025 A 2A 
Stronger lamp 120 W 05A 2A 
Refrigerator 120 W O5A 2A 
Television set 120 W 05 A 2A 
Electric blanket 120 W 05A 2A 
Hair drier 600 W 25A 5A 
Electric iron 720 W 30 A SA 
Small electric fire 720 W 31A 5A 
Electric kettle 2000 W 83A 10t0o13A 
Electric fire 2000 W 83 A 10t0o13A 
Emmersion heater 3000 W 125 A 13A 


blowing can you think of ? What might happen if ~ = = = = ~~~ 
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In some equipment, instead of a fuse, a cut out 
device is incorporated. This uses the magnetic 
effect of a current. The current flows through a 
small coil., When it becomes, too large, the 
magnetic effect due to this current operates a trip 
switch, which cuts out the current itself. 


What is the advantage of this kind of cut-out 
over an ordinary fuse ? 


While replacing a fuse wire, switch off the 
supply. Take out the fuse carrier from the fuse 
unit. Loosen the screws of the fuse carrier and 
remove the melted wire. Take the new fuse wire of 
the proper size and thread this wire through the 
small channel or tube in the carrier. Do not pass 
the wire through any other easier way between the 
terminal. Tighten the screws in the terminals of the 
carrier and replace on the porcelain base of the fuse 
unit. Switch on the supply. Care must be taken 
that you insulate yourself on a dry wooden-board. 


9.27 HOUSE-HOLD ELECTRIC 
CIRCUITS 


You have learnt about the generation of 
electric power and also about how electricity is 
‘POWER DISTRIBUTION FROM 


TRANSFORMER 
HOUSE 


POWER 
STATION 


'AREA SUB- 
STATION 


DISTRICT 
SUBSTATION 


transmitted around the country. 


Electricity is generated at power stations at 
many places throughout the country. The n 
energy may come from fuel in the form of coal, 
gas, or oil. or it may come from nuclear energy 
within the atom (nuclear power station), or it may 
come from falling water (a hydro-electric power 
station). 


The power station usually produces electricity 
at 11,000 volts and it is then transmitted around 
the country at very high voltages. The National 
Grid operates at 122,000 volts. 


Such high voltages are quite unsuitable for 
domestic purposes. Various institutions, using 
transformers, bring the voltage down to 220 volts, 
at which it will reach you home (Fig. 9.68). 


ìn Art 2-9.26 we discussed the importance 
of fuses in electric circuits in order to safe-guard 


GRID LINE 


220 VOLTS CABLE 


electrical appliances and avoid the danger of fire. 
Fuses, therefore, play an important part in the 
electrical wiring system in a‘house. 


In domestic wiring, it is important that the 
third pin at each socket be connected to earth. For 
this reason three-cored cable is used ; the LIVE 
wire bringing the electric current is usually 
coloured red, the return wire (often called the 
NEUTRAL wire) is black and the EARTH wire 
green. In order to avoid too much complication in 
the drawings below showing the wiring in a house, 
the earth wire has been committed but, of course it 
is an essential part of the installation. 


The Electricity Board's installations. 
The main cable will pass your house, probably 
under the road or the pavement outside. A short 
length of cable joined to the main cable will bring 
the electricity to your house. This will usually be 
underground and the cable will enter in the 
basement or ground floor (Fig. 9.69). 


The cable will go into the Electricity Board's 
main fuse box (fig. 9.70). This fuse box usually 
has a 60-A fuse inside, through which the live lead 
passes. The box is sealed by the Electricity Board ; 


UNDERGROUND 
CABLE FROM 
ROAD 


BOARD'S FUSE BOX 


BOARD'S 
FUSE BOX 


AND SEAL 


itis the Board's property and cannot be opened by 
you without breaking the seal. If something went 
Seriously wrong with your electric wiring, the 
Board's fuse would blow and this would protect the 
rest of their installations and insure that the supply 
to neighbouring houses did not fail as well. If their 
fuse blows, the Board's electrician has to come and 
repair it. 

The leads then pass through the meter, which 
records the electrical energy used. They then go to 
the main switch. When switched off, none of the 
lights or appliances in the house will work at all 
and there can be no possible danger. It is often 
recommended that, when a house is to be left 


empty for a long period, the main switch should be 
turned off. 


After the main switch, the electricity has to be 
distributed around the house. What are.the 
requirements going to be ? There must be fuses. 
There must be leads going to all parts of the house. 
There are two ways in which this is commonly 
done, and both are described blow. 


MAIN ` SWITCH AND FUSE 


MAIN SWITCH 
BOX AND FUSE 


~s 


SWITCH 


(EE 
| FUSES 


LAMPS & OTHER APPLIANCES IN PARALLEL 


A 


“TO BEDROOM 


LIVE | BUS BARS 


NEUTRAL 


E 


DISTRIBUTION BOX 
WITH FUSES 


Fig. 9.71 


TO DINING ROOM 


TO KITCHEN 


Fig. 9.72 


Distribution fuse box. The leads from the leads go off to all parts of the house. Immediately 
mains switch enter the distribution box, where each following the bus bar, the live lead passes through 
is connected to a bus bar. The two bus bars consist a suitable fuse. Then the live and neutral leads, 
of two thick copper bars (Fig. 9.71). together with the third ‘earth’ wire, provide 

From the bus bars in the distribution box, electricity in one part of the house. In the diagram 
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only two sets of leads are shown leaving the 
distribution box, one might be providing lighting 
up stair, the other lighting in the downstairs rooms. 


Suppose the wiring to the upstairs room is 
such that it will take 5-A with safety. Then the 
fuse in those leads will be a 5-A fuse. 
Remembering that a 120-watt lamp will take 
about 0-5 A and a 750-watt electric fire will take 
about 3 A, there is a definite maximum to the 
number of lamps or appliance one can add in 
parallel to a particular set of leads without 
exceeding the 5-A maximum load (Fig. 9.72). As 
Soon as more are wanted, it is necessary to go back 
to the distribution box and put in another set of 
leads and another fuse. 


BEDROOM LIGHTS 


LIVING ROOM LIGHTS 


GARAGE & 
HALL LIGHTS 


LIGHTING FUSES AND 
DISTRIBUTION BOX 
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lO 
ddA 


POWER POINTS: 
FOR LIVING ROOMS 


Fig. 9.73. Complete distribution scheme for the whole house 


It should be noted that all distribution circuits 
have the same potential difference, usually 220 
volts, as they are connected in parallel. 


A parallel circuit is preferred on account of the 
following reasons : 


(1). If one line is overloaded the fuse in this 
circuit only will be blown off. Other distribution 
lines are protected. 


(2) There is a uniform potential’ difference 
across each line. 


(3) If more lines are added in the circuit, 


it makes no difference to the other lines as the P.D. 
is maintained constant. 


:POWER POINTS 
BEDROOMS 


KITCHEN LIGHTS 


POWER 
POINT 
IN KITCHEN 


POWER FUSES AND 
DISTRIBUTION BOX POWER POINT 
FOR HOT 
WATER 
IMMERSION 
HEATER 


The complete distribution scheme for the 
whole of house might be something like this. The 
figures in the circles give the maximum current 
that might be used (Fig 9.73). 

Are there any disadvantages in the above 
scheme ? 

(i) It requires the use of plugs of various sizes 
as shown in Fig 9.74 and this can be very 
inconvenient. 


(ii) Another disadvantage is that when a fuse 
blows, it putsoutall the other lights on the same 
circuit from the distribution box. E 


(iii) Further more, the fuse has to be repaired 
at the distribution box, which may be some way 
away or in an inconvenient spot. 


(iv) But there is one greater disadvantage. 
Suppose you have a new electric appliance, which 
needs a 15-A socket in an upstairs room. 


To put in the new socket, it is necessary to 
put in new leads all the way back to the 
distribution box. Do you see why this will be an 
expensive business and what a disadvantage this is? 


Fig. 9.74 


The ring main system. This system 
in rapidly replacing the system described above. 
As its name implies, it consists of a ring 
circutit. This starts from the main fuse box, which 
usually has a 30-A fuse, runs round the main 
rooms of the house and back to the fuse box again, 


as shown in Fig 9.75 


N 
FUSE BOX 
WITH 30—A 
FUSE 


Wa . 
Fig. 9.75 


There are two routes that the electricity can 
travel to any one appliance, so even though a 30A. 
fuse is included, it is usually only necessary to 
have 15-A cable. It is possible to have plugs and 
sockets all of the same size, and the plugs used can 
have their own fuse (Fig. 9.76). 


When a fuse blows, it only affects the single 
appliance concerned. It is easier to repair than 
grouping around at distribution box. Furthermore, 
itis very much easier to install a new power point 
without having to put in long leads all the way 
back to the distribution box. Of course, this 
assumes that the total load on the circuit will not 
exceed 30 A at any one time, that it will not be 
used for more than, say, three two-bar electric fires 


at one time. In large houses, it may be necessary 
to have more ring mains running round different 


parts of the house. x 
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Fig. 9.77 


Whatever system is used, it is necessary to 
have an earth wire as well as the live and neutral 
leads. The earth lead is connected to the third pin at 
all the sockets, The earth is shown in the drawing 
of a ring circuit around a living-room in Fig, 9.77. 


9.28 EARTHING OF ELECTRICAL 
APPLIANCE ANDITS IMPORTANCE 


In electrical terminology earthing or grounding 
is a conductor connected to the earth, the absolute 
potential of which is arbitrarily taken as zero. A 
common electrical symbol for earthing is shown in 
Fig 9.78. 


Fig. 9.78 


An important aspect of earthing (or grounding) 
relates to safety. Take the case of an electric 
washing machine. Suppose some fault develops in 
the electric motor wiring (e.g., breakdown of 
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insulation), it is Possible that the metal washing 
machine case could become connected to the 
electrical Supply. The appliance will then become 
live. The unsuspecting house wife could by 


'current is large enough she will suffer a possible 
dangerous electrical shock (Fig. 9.80). On the other 
hand, if the was ing machine is properly earthed 


The earthing of electrica! appliance can also 
Save the appliance from damage. If a short circuit 
occurs in the appliance, a large current will flow 
through the earth connected wire as it provides an 


INSULATION 
CURRENT 


Fig. 9.79 


INSULATION 
BREAK 


INSULATION 


CURRENT 


MACHINE CASE 


WASHING MACHINE 


MACHINE CASE 


HOUSE WIFE 
RECEIVES A _ 
SEVERE SHOCK 


Fig. 9.80 


easy path for the current. Due to this current the 
power supply would be cut and thus no damage 
would be done to the appliance. 
9.29 HAZARDS OF ELECTRICITY 

Electricity is one of the most important and 
convenient sources of energy available to us. 
However, it could be dangerous if certain 
precautions and safety measures are not observed 


while using. 


You know that if you touch any point of an 
electric circuit you get a shock. Sometimes these 
shocks are so severe that they may kill a person. 
The flaws in electric circuits like loose 
connections, defective switches, damaged wire, 
short circuit or overloading can cause sparking or 
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MACHINE CASE 


INSULATION 
BREAK 


re — CASEIS EARTHED 
CURRENT 3 
Fig. 9.81 
overheating and sometimes cause fires. To avoid — 1. The circuit must be immediately Switched off 
such hazards, safety devices and precautions are in case of fire or any other accident. 
ial i i ic circuits. 
Essential in. RR ee : 2. All connections at switches, plugs and 
(RED) WIRE: Sockets, and junctions must be tight. AII 
wiring, should be of good quality, proper 
INSULATED thickness and insulation. Defective switches 
(BLACK) WIRE : should be replaced immediately, All joints 
y should be covered with insulated tape. 
GROUND WIRE 


(GREEN); 


3. Whenever repairs are needed or any part of the 
circuit needs direct handling of any kind, 
rubber gloves and shoes must be used. The 
testers, screw drivers, pincers and other tools 


used for repairing should have Proper 
instulation. 


4. The fuse should be of proper rating and 
material. Often connecting wire are used as 
fuses. This is a dangerous practice, Such wire 
has too high a rating and will not protect you 
against a short circuit or overload, 


.DOUBLE 
OUTLET 3. The fuse and switches should always be 
connected to live wire in case of A.C. circuit. 
Fig. 9.82 The earth wire must be used while using 
lectrical appliances. One should not touch 
how a fuse acts as a safety S : $ A A 
We G pea essential precautions to be the metallic body of electric appliances like 
jacet ome ol heaters or iron while they are switched on. 
observed are : 
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Despite all precautions, it is possible that 
someone accidentally contacts a live wire. If this 
happens, one should try to provide such a person 
with support of some non-conducting material like 
wood, plastic or rubber. One should never try to 
pull away a person who has contacted the live wire. 
The first step, of course, is to switch off the 
current at once. 


9.30 ELECTRICITY IN THE ANIMAL 
BODY 
As you will read in further chapters (Biology 
section) of this book, the nervous system in 
animals operates using electrical signals. Sensory 
organs such as the eye, ear, skin, nose and mouth 
register signals from the outside world. These 
signals are translated in the organs into electrical 
potentials using nerve cells or neurons. Neurons 
are specialised cells that even look like electrical 
wires. Sensory perception leads to the production 
of an electrical impulse, or action potential, in the 
neuron. This impulse is conducted along nerve 
fibres to the central nervous system or the brain. 
They process the signal and send out the response, 
again as electrical signals to the concerned organ 
for action. At this organ, the electrical signal is 
again translated into muscle contraction or other 
relevant response. 
[ How does a neuron produce electricity*? 
Figure 9.83 illustrates the principle behind this 


ud : 
E i Resting potential 


Na* 


+e eet tt + 


eettteeet 


(a) 
RESTING 
Nat excess outside 
K* excess Inside 
Potential — 70 mV 
¥ Not to be evaluated. For further knowledge only 


Fig. 9.83 


phenomenon. Normally, or in the resting state, the 
neuron is rich in K* ions inside and has a lower 
concentration of Na* than the outside medium. 
This concentration difference creates a p.d. between 
the outside and the cell of —0.070 V. The cell is 
negative with respect to the outside. When the 
action potential is triggered by the photoreceptor in 
the retina, the taste receptors of the mouth, the 
smell receptors of the nose, receptors of the skin or _ 
motor action of the muscle, the neuron “fires”. A 
“gate” opens and lets Na* ions pour into the cell. 
This makes the cell electrochemically imbalanced 
and positive with respect to the outer medium. The 
potential changes from —0.070 V to + 0.040 V or a 
total change of about 0.110 — 0.120 V. This is the 
electrical impulse of the neuron. The impulse is 
caused by the operation of an ion pump system, 
called the Na*, K* AT Pase enzyme system. In the 
wake of the impulse, K* are pumped out and the 
normal negative potential is restored. The impulse 
or action potential travels from one neuron to 
another through junctions called synpases at the 
speed of about 25 m/s, to the brain for processing 
and reaction. The neuron is thus a biological 
electrochemical cell.)* 


Some organisms not only employ the 
electrochemical mechanism for their own use, but 
use it as a weapon for attack. The fish called the 
electric eel and the electric (ray) impart very 
powerful electric shocks to their victims and stun 
«40V 

action 
potential 
110-120 mV 


(b) 
ACTION 
Nat pours In 
K* goes out 
‘Potential + 40 mV 
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them before eating them. An electric eel is known 
xo discharge 700 V and 1 ampere direct current 
electrical pulse at short intervals. This becomes 
eossible due to the presence of over 6000 special 
cells called electrocytes in the eel's body, each of 
which can generate 0.1 V and all of which can 
discharge in synchrony. Unlike the neurons, an 
electrocyte is a flattened cell. Its upper face 
increases Na* entry upon firing while the lower face 
behaves normally. This leads to a discharge from 
the organism to the outside. Of course, the eel 
protects itself from its own discharge by the use of 
efficient insulators (fats, blubber) on its skin and 
beneath. 


SOLVED EXAMPLES 


Example 1. 
A simple electric circuit has a 24 V battery and 
a resistor of 60 ohm. What will be the current in 
the circuit ? The resistance of the connecting wires 
is negligible. 
Solution 
Given, 
Resistance (R) = 60 ohm 
Potential difference (V) = 24 volts 
Current (I) = ? 
According to Ohm's Law, 
MI 
I 


i] 
x 


I2 V. = 24 am 
R 60 Wes 


Example 2. 


What will be the current drawn by an electric 
bulb of 40 W when it is connected to a source of 
220 V? 


Solution 


Given, 
Power (P) = 40 W 


Potential difference (V) = 220 volts 
Current (I) = ? 
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Since, P = VI 
~jT=P = 40 X 
V 220 
=|0.18 A 
Example 3. 


A current of 4 A flows through a 12 V car 
headlight bulb for 10 minutes. How much energy 
transfer occurs during this time ? 


Solution : 
Given, 
Current I) = 4A 
P. D. (V) = 12 volts 
Time (t) = 10 minutes si h 


Energy transfer =? 
Now, Energy transfer = V I t 


12x 4x l Wh=8Wh 


-12x4 
1000 x 6 


- (0-008 Kwa] 


Example 4. 


KWh 


Calculate the energy transferred by a5 A 


current flowing through a resistor of 20 ohm for 30 
minutes, 


Solution : 
Here, 
Current (1) 25A 
Resistance (R) = 2ohm 
Time (t) = 30min, = 5h 
Energy transfer — = ? 


Now, Energy transfer = VIt =I’ Rt (+: V= IR) 


Y x 2x i Wh 
25Wh | 


u 


= [0:025 kWh 


Example 5. 
An electrical heater is used on a 220 V supply 
and takes a current of 5 ampere. 
(a) What is its power ? 
(b) What is the cost of using the heater for Zh 
if 1kWh costs 50 paise. 


Solution : 
‘Given, 
Potential difference (V) = 220 volts 
Current (1) = 5 amperes 
Power (P) = = 220 x 5 watts 
= 1100 watts 
= Li kW 
Electric energy = VIt 
consumed 
2220x5x 1Wh 
= 1.1kWh. 
Cost = 1:1 x 50 = 55 paise 
= Rs 0.55 
Example 6. 


For a heater rated at 4 kW and 220 v, calculate 
@ the current, 
(b) the resistance of the heater, 
(c) the energy consumed in 2 hours, and 
(d) the cost if 1 kWh is priced at 50 paise. 
Solution : 
Given, 
Power (P) = = 4kW = 4000 W 


Potential difference (V) = 220 volts 
(à Current () = È = 4000 = 1818 A 
v 220 


(b) Resistance of the heater 


Rew 
I 

= -220_ ohms 
18-18 


= |12-10 ohms 


(c) Energy consumed 


in2h 2 VIt 
= 220x188 x 2 Wh 
= 7999.02W h 
= 7.9992 kWh 
@ Cost 27.9992 x 50 paise 


399-96 paise 
Rs 3.9996 = Rs 4. 


Example 7. 


Determine the potential drop across a 220 Q 
resistor when it carries 450 mA. 


Solution : 


Given, 

Resistance (R) = 220 Q 
Current (1) = 450 mA = 045 A 
Potential drop (V) =? 
According to Ohm’s Law, 

Ve=IR 

V = 0:45 x 220 

= 


Example 8. 

Determine the total resistance of resistors R} = 
§Q, R2215 Q and R = 20 Q when they are 
connected (a) in series, (5) in parallel. 

Solution : 
(@ When resistance are connected in series : 
R = R +R: +R; 
= 5 + 15 +20 ohms 


= 40 ohms 
(b) When resistances are connected in parallel : 
ell a Se 
R Ri R2 Rs 
or ale = jt + Jt + at 
REUS 15 20 
2.12*24-*3.-19 
60 60 
R= 90 
19 
Example 9. 


A comb drawn through a person's hair on a dry 
day causes 10!? electrons to leave the person's hair 
and stick to the comb. 

@ Is the force between the comb and the hair 

attractive or repulsive ? 

(b) What is the magnitude of this force when 

the comb is 1.0 m from the person’ S hair 
? Electronic charge = —1:60 x 10-1? C. 
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Solution 
@ The force is attractive because the charge 
on the comb is negative and that on the 
hair is positive. Unlike charges attract. 
(b) From Coulomb's Law, we have 


F=K22 where K = 9-0 x 10° Nm2/C? 
T 


.. (60 x 109) (1012) @ 16 x 1019x 010e 16x109 


(1-0)? 


= —2:3x 10-4N; the minus sign means that the 
force is attractive. Í 


Example 10. 

(d) The force required to give a 1000 kg car an 
acceleration of 2-5 m/s? is 2-50 x 10? N. What 
would the charge have to be on two small spheres 
10 m apart to produce the same force between the 
spheres. If we assume that both spheres have the 
same charge ? 

(b) If the charge on each sphere is negative, 
how many excess electrons are there on each 
sphere ? Electronic charge = 1.60 x 10-19 C. 


Solution -: 


(à) From Coulomb's law, with q; = q2 = q 
(say); we have 


2 
Hence q = Æ 
K 


2 
= Q50 x 10). L 55, x 1972 
9.0 x 10? 


and so q -526x10^C = 526 uC. 


Two charges of 526 uC at a distance of 1 m 
apart would, therefore, produce this relatively large 
force of 2-5 x 10? N. 


(b) The charge on the electron is 1-60 x 10-1? 
C. Hence the number n of electrons in 526 LC is 
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526uC 


a= _ 
1-60 x 1072 


C/electron 


_ 526 x 10°C 


1-60 x 10? 
3.29 x 10!5 electrons 


C/electron 


Example 11. 


A. 12-V storage battery drives 50 C of charge 


through a light bulb in 1 minute. 


(a) How much work has been done by the 
battery ? 


(6) What is the electric power ? 
Solution 


_ @ Since the voltage, or potential difference, 
is the work done per unit charge, or 


(6) Since power is the rate at which work is 
done, 


P= W 

t 
and so P = 6007 
60 s 
= 10 J/s 


Hence, the power delivered by the storage 


battery is the same as that consumed b: - 
light bulb. Si eas 
Example 12. 


An electron in a TV set is accelerated toward 
the screen by a voltage of 1000 V. The screen is 
35 o from the electron source, 

a) How much work is done by th i 
accelerating the electron ? xyz yee 


(b) What is the speed of the electro hen i 
strikes the screen ? may at 


GL 


Fig. 9.84 


Electronic charge = 1-6 x 10-1? C; mass of 
the electron = 9-1 x 10-15 kg. 
Solution 


(a) Since the work done per unit charge by 
the field is 


we have 
= (1-6 x 10-1? )(1000) J 
=|1-6 x 10-57 
(b) By the principle of conservation of energy 


all this work must be converted into kinetic energy 
of the electron, hence 


K.E. = 2 my? = 16 x 1075] 
zi " 
and so v= pa x W 2m 
9.1 x 10™ kg 


1.9 x 107 ms- 


Note that the distance between source and 
screen is of no importance here. The crucial factor 
is the voltage between source and screen. 


Example 13. 
A current of 15 A is maintained for 30 min 
through an electrolytic cell containing CuSO,. 


What is the amount of the charge flowing through 
the cell ? 


Solution 


The amount of the charge flowing through the 
cell is 


OTt 
= 15 x 30x 60C 
as I = 15 A and t= 30 x 60 seconds 
- Q 227 x 104 C. 
Example 14. 


The resistance of a graphite rod is 3.0x10-! Q, 
@ What voltage must be applied across the 
two ends of the rod to produce a current of 
10A through the rod ? 
(b) If the required voltage is supplied by a 
battery which delivers current for 10 min, 
how much work does the battery do ? 


Solution : 
(a From Ohm’s Law, 


y SIR 
= 10x 3.0 x 107 volt. 


(b) Since, work done = W = QV = 3Q, and Q 
=It=10x10x60C=6x 10°C 


We have W=3x6x10°J 


= [18 x 10* 7] 
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Example 15. 


+ 
Find the current delivered by a 6-V battery Off 
when it is connected to two light bulbs, each of 
resistance 50 Q and connected : 
(a) in parallel ; (b) in series. 
Solution : 
(a) The circuit is as shown in Fig. [9. 84 (a)] 180. 
with R; = R= 50 Q. Since the two 
resistors are in parallel, we have ; ev 
SLE c dep 
R 50 50 50 (a) 
or R= 25Q. 


R'»120 
Hence T= E - [0244] 


(b) In this case, the circuit is as in Fig. 9.84 
(b) and 


R=R,+R, 
= 50 + 50 = 1000 


Then ee SET 0-060 A 


6n i| 


180. 


180 


Fig. 9.85 
*Example 16. 
(8) In the circuit of Fig 9.85, find the 
current I in the 18 Q resistor. The 
termínal voltage of the battery is 6:0 V. 


(b) Find the currents flowing in the individual (d) 
branches of the circuit. 


CODICE E casis. ey ee 
* Harder Problem 
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f 12-0.125A 


l Ty =0.125A 


12-0.125A 


Y.1-025A 


Fig. 9.87 


Solution 

@ Here we must find the equivalent 
resistance of the circuit. In such 
complicated circuits the best approach in 
applying 
resistances in series and in parallel is to 
start with the innermost combination of 
resistances. This is the combination of the 
6 Q and the 12 Q resistors in parallel. 
We find 


or R=4Q 
We can then add this in series with the 8 Q 


resistor to obtain 
R’=8+R=8+4 = 120 


Next we must combine R “with the 12 Q 
resistor in parallel to obtain R^ We have 


r3] dos pep 
m np D 4 6 


andsoR^- 6 Q. This must then be combined in 
series with the 18 Q resistor to yield a final 
equivalent resistance R”. 


We have, RES, 


the laws for combining, 


Our circuit has now been reduced to a voltage of 
60V driving a current through an equivalent 
resistance of 24 Q. Hence, from Ohm’s law, 


The steps in this process of combining 
resistances are illustrated in Fig. 9.86. 

(b) Since R’ = 12 Q and is in parallel with 
another 12 Q resistor, the 0-25 A current must 
split in two, with half going through the 
12 Q resistor and half going through the 
other branch. The 0-125 A going through the 
upper branch must also split so that twice as 
much current goes through the 6 © resistor as, 
through the 12 Q resistor, since the voltage 
across the two is the same. Hence 


goes through the 12 Q resistor 
and s 
through the 6 Q resistor. 
The results are shown in Fig. 9.87. 
Example 17. 
A 150 W light bulb is connected to a 120.V.. 
line. 
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(@ What is the current drawn from the line ? 

(6) What is the resistance of the light bulb 
while it is burning ? 

(c) How much energy is consumed if the 
light is kept on for 6:0 h ? 


(d) What would be the cost of this energy at 
-50 paise per kilo-watt-hour ? 


Solution 
(a) Since the power P = IV, we have 


= P = 150W [1254 
r= 2 = 150W - [1254] 


(b) The resistance of the light bulb is 


R- V = 20V _[96Q] 
I 


1.25 A 


(c) W = Pt where W is energy consumed. 


= (150 W) (6-0 h) = 900 Wh = 0-90 kWh 


(d) cost = 0-90 x 50 = 45 paise = Rs 0:45 


Example 18. 


A 50 Q resistor is attached to a 120 V circuit 
Fig. 9.87 and immersed in 1-5 kg of water. If the 
current drawn from the line for 15 min, what is the 
increase in temperature of the water, presupposing 
that all the electric energy goes into heating water ? 
Specific heat of water =1 kcal/kg °C and 1 kcal = 
4-18 x 103 J. 
Solution : 


The current drawn from the circuit is 


The electric energy going into heating the 
water is then 


W =I Rr here R = 50 Q and t = 15 x 60s 
= (24)? x 50 x (15 x 60) = 2-6 x 105 J 


5 
z 26 x 10 keal 
4-18 x 10° 
= 62 kcal 
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Since, Heat gained = W= mass of water x 
Specific heat x rise in temp. of water 
rise in temperature (A T) 
5 W 
mass of water x sp. heat of water 


2.62 = o 
1x15 


L4 (100 W, 220 V) 


(60 W, 220 V) 


220 V 


Fig. 9.88 
Example 19. 


A heater coil connected to 220 V has a 
resistance of 150 Q. How long will it take this 
coil to heat 1 kg of water from 20°C to 60°C, 
“assuming that all heat is taken up by water ? 


Specific heat of water = 1 kcal/(kg*C) and 1 
kcal = 4-20 x 103 J. 


Solution 
The current drawn from the circuit is 


T=V = 220 = 1.474 
R 150 


The electrical energy going into heating the 
water for ¢ seconds is then 


W=PRt 
= (1.47)? x 150 x t. joule 


= (147)" x 150 x 1 
420 x 10? 


; Since, Heat gained = W = mass ofwater x 
specific heat of water x rise in temperature 


kcal 


2 
(1:42) r ee a ean 
4-20 x 10° 


3 
p- 40 x 420 x 10 4 


(1.47)? x 150 


518-3 second. 


Example 20. 

Two lamps, one rated at 100 W at 220 V and 
the other 60 W at 220 V are connected in parallel 
to a 220 V supply. What current is drawn from the 
supply line ? 


Solution : 
Refer to (Fig. 9.88) 
For lamp Lj 
Power = P, =100 W 


Voltage = Vi = 220 V 
Current drawn = Jj; = Pt = 100 = 5 4 
Vi 220 11 
* Resistance (R1) of the lamp 
= Vi = 220 -484Q 
h Sil 

For Lamp L2 

Power = P; =60 W 


Voltage = V;,-220 V 


~. Current drawn = h = P2 = 60 = 3 A 
V2 220 11 


Hence, resistance (R2) of the lamp 


= V2 - 220 - 2420Q 
b Sil 3 
Since the two lamps are connected in parallel, 
their equivalent resistance (R) is given by 
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3 NOE EE 


The current drawn from the supply line is 
given by 


L=¥ = 220. -0.727 
R 605/2 4 


Example 21. 


A battery of 6 V is connected in series with 
three resistors of 12 Q, 6 Q, 4 Q (Fig. 9.89). Is 
the current passing through each of the resistors the 
same ? Calculate the potential difference across 
each resistor ? 


120 62 4Q 


Fig. 9.89 


Solution : 

Yes ; since the three resistors and the battery 
are connected in series so the current passing 
through each of the resistors will be the same. 

Total resistance (R) in the circuit 
= 12+6+4= 222 
Total Potential difference (V) = 6 V 
According to Ohm's law, current (/) in the 
circuit is given by 


r=¥= 642027 A 
R 2 
P.D. across 12 Q = current x resistance 


26 x 12 = 327V 
2 


Similarly, 


P.D. across 6 Q 2 x 6= L64 V 


109 v 


P.D. across4 Q = Ê x 4 
220 


Example 22. 
In the circuit shown in the Fig. 9.90 , calculate 


@ the current flowing through the arms AB, 
AC and CDE ; 


(b) the potential difference across AB, CD and 
DE, J 


D 


15V 
Fig. 9.90 
Solution .: 
Equivalent Resistance of the arm 


CDE = 6 + 4 = 10 Q (resistances in series). 
Since the resistances 10 Q and 12 Q are in 


paraliel, so the equivalent resistance (R) of the 
whole circuit is given by 


EE S11 
R 10 12 60 
or R= MQ 
11 
According the Ohm's law, current (7) in the 
circuit is given by _ : 
TUE 15. 15x11 
60 


11 
@ At the junction A (Fig. 9.90), the current 7 


gets divided into two parts 71 and /2 so that J = 
I1*12. Let I flows through the arm AB and Ip 
flows through the'arm CDE. Since the arms 
AB and CDE are connected in parallel so the 
potential difference across the arms AB and 
CDE each is the same. 


Hence, 


12x, 2 J0xI, (Ohm’s law i.e., V = IR) 
h.10 
b 12 


Or) elle e IO 
h-l 10+ 12 


o 4 =10 
I 22 
heDxs = 10 x 0.275 
=0:125A 
The current flowing through the arm 
AB = 0-125 A 
Now, Ip =/H, 


= 0-275 — 0-125 = 0-15 A. 


Thus the current flowing through the arms 


AC and CDE = 0-15 A as they are connected in 
séries. 


(b) P.D. across the arm AB 
= current x resistance 
= 0-125 x 12=15 vy 
P.D. across the resistor 
CD =current x resistance 
= 0-125 x6=0-:9 V 
P.D. across the resistor 
DE = 0:15 x 4=0-6 V 


SUMMARY 


1. Simplest method of producing an electric charge is to rub two bodies with each other. Ebonite or plastic objects 
rubbed with wool and glass rubbed with silk, acquires the ability to attract small 


this effect are said to be charged. 
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objects and the bodies showing 


10. 


There exist only tow kinds of electrical charges. The charge “acquired by s glass rod rubbed with silk is, by 
convention, called positive charge and that on an ebonite rod rubbed with wool is called negative charge. : 


Like charges repel each other while unlike charges attract each other. 


According to the principle of conservation of electric charge, the electric charge is always conserved. It can neither 
be created nor destroyed. It can only be transferred from one material to another. 


The materials in which charges move easily are called Conductors and those in which charges seem to be bound as 
insulators. 


Coulomb's Law. The force of attraction or repulsion between two charged bodies carrying charges q] and „2 ang 
separated by a distance r in vacuum (or air) is given by 3 


F-K 
p? 


where K is constant of proportionality and is equal to 9 x 10? Nm2/c2 


In magnitude, 
Ps 


The unit of electric. charge is a coulomb (C). If two equal and similar charges, placed 1m apart, repel each other 
with a force of 9 x 10? N, each charge is of almost 1 coulomb. 


A charged body can be regarded as surrounded by a field of force i.e., the space in its neighbourhood is changed in 

sucha way that another charged body, when present in this region, will experience a force. In general electric field 
> p n g 

intensity E@ at a point ris defined such that qE ()=F © where F is the electric force acting on a charge q placed 

atr. 


- 
From Coulomb's law it follows that the electric field intensity E(f) at a distance r from the point charge q situated 
at the origin is 


The direction of the vector E is that of the force on the unit positive charge. In SJ. units, the electric field is 
expressed in newton/coulomb. The charge q is the source of the electric field and is called the source charge and the 
charge which feels the influence of the field is known as the test charge. A test charge is taken to be vanishingly 
small so that it does not alter the field to be measured by any appreciable extent. 

When there is more than one charge producing the field, we ‘use the superposition principle to calculate the 
resultant field intensity at a given point. 

The path traced by a test charge free to move under the effect of an electric field is called an electric line of force. 


Thus a line of force is a curve so drawn that a tangent to it at any point gives the direction of the electric field at 
that point. 

By convention, electric lines of force originate from a positively charged body and end at the negatively charge 
one. 

No two lines of force intersect each other. 

A charge in an electric field experiences a force and in response to this the charge moves, work is done by the 
source of the field. If, however, the charge is moved against the force, work is done by an outside agency. 


When a charge in an.electric field moves from one point to another, the two points are said to differ in electric 
potential. We define the electric potential difference between the two points A and B as the work done to move a 
unit charge from A and B. 

work done (W) 


Potential difference (V) = dae Q) 
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The unit of electric potential is volt. Potential is a scalar quantity. 


One volt is the potential difference between two points in an electric field when 1 joule of work is done to move a 
charge of 1 coulomb from a less positive to a more positive point. 


11. Flow of electric charge is called an electric current. Electric current flows when there is an electric potential 
difference and to keep an electric current flowing through a conductor, it is obviously necessary to maintain the 
potential difference between its ends. 

The electric current is the amount of charge passing through a given point in one second. 
1=2 
t 
Current is a scalar quantity. The unit of electric current is ampere (A). 
= lcoulomb 
1 ampere = —tom). 
1 second 
One electron carries a charge of 1-6 x 10719 C and a current of one ampere corresponds to a tlow of 6:3 x 1018 
electrons/second. In fact there is a drift of so many electrons (not necessarily involving the same) every second 
from one end of the wire to the other. 
12. The property of a conductor which affects the flow of current in it is called its resistance. 


It.is expressed in 
volt/ampere, or ohm (symbol Q). A conductor possessing a certain resistance is usually called a 


resistor. 
13. Ohm's Law. The current flowing through a conductor is directly proportional to the potential difference across its 
ends provided the physical conditions of the conductor e.g., density, temperature, etc., remain constant. 
Mathematically ; Y-R orV - IR 
14. Resistances in series : 
R =R] +R2+R3 + 


The value of the equivalent resistance R is equal to the sum of the resistances in series. 
Resistances in parallel : 


The reciprocal of the equivalent resistance is the sum of the reciprocals of the resistances, 
15. The resistance of a given wire depends upon 
() the matenal of the wire, 
(i) the length of the wire, and 
(ii) the area of cross-section of the wire. 


Expressed mathematically, it implies that 
R=p= d where D. = resistivity of the material. 


16. Resistivity (or specific resistance) of a material is defined as the resistance of a cube of the material of side 1 m 
when current flows perpendicular to opposite faces. It is expressed in ohm m. 


17. Amount of heat generated p ÉRt cal = I? Rt joule = Vit joules =v, 
4:18 R J 
: wW 25 — 
Electric power (P) E = I'R = VI watt 


kilo-watt-hour (kWh) is the unit of energy. 
1kWh = 36x 1087 
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18. 


19. 


20. 


21. 
22. 


23. 


24. 


25. 


26. 


27. 


A bar magnet attracts iron filings more strongly near its free ends. Th c 

4 i m . These ends are called th 

ducc in ki 3d way that it is free tu rotate in a horizontal plane, it takes the neta eh d 
which points towards the north is called the north i i AAT 
Ud e north pole and the end which points towards the south is called the 


Like poles repel and the unlike poles attract each other. The force i 
Like lil 2 of attraction o; i i 
joining the two poles, and is inversely proportional to the square of the distance eee S ae eae 


If we break a magnet into two or more similar pi i 
pieces, even the smallest 
poles. We cannot obtain isolated magnetic poles. Pika ap eS Uem 
A magnet generates a magnetic field in the space surrounding it irecti 
erates g it. The direction of the i int i 

takenias the direction of the resultant force acting on a hypothetical isolated north ae tense ae E S 
field is conveniently described by sketching the magnetic lines of force. The magnitude of the maj neti HYS 
proportional to the force experienced by that isolated north pole. ae 


Magnetic lines of force have certain characteristics or properties. 
An infinitely long straight conductor carrying a current (I) produces a magnetic field around it. 


The direction of the magnetic field is given by right-hand rule. If we imagine holdin, i ire i: 

s T g current 

right-hand, such that the thumb is stretched along the direction of the current, then the fingers Ms in res 
the direction of the magnetic field. ^ undi 
S.I. unit of magnetic field is tesla (T). It is a fairly big unit. Magnetic field of the earth near the surface is about 


03 x 10^ T. 
E 
Magnetic field B is a vector 
Force on a current-carrying conductor of length! in a magnetic field. 


Magnitude : F = Bil where B is in tesla (T) = 1IN/(A-m.). 

Direction : (Fleming's Left Hand Rule). Stretch the first finger, the middle finger and the thumb of your left-hand in 
such a way that they are mutually at right angles to each other, If the first finger represents the direction of the 
magnetic field, the middle finger represents the direction of the current in the conductor, then, the thumb will 
represent the direction of motion of the conductor. 


Electrical motor is a device which converts electrical energy into mechanical energy. It is based on the fact that a 


current carrying conductor, when placed in a magnetic field, experiences a mechanical force. 


A solenoid consists of many circular tums of wire wrapped in the shape of a cylinder. Since the current in each 


circular turn has the same direction, the field due to each tum adds up, giving a fairly strong resultant field inside a 


solenoid. 


In fact, the magnetic field du 


e to a long solenoid has all the properties of the field produced by a bar magnet — the 
ends of the solenoid acting as the poles. 


cting currents flowing in a circuit. Its working is based on the fact that 


Galvanometer is an instrument used for detei 
a current-carrying conductor placed in a magnetic field experiences a force perpendicular to both, the current and 
the field. It is so constructed that the deflection is proportional to the current. 


s used for measuring a current in a circuit. It has a very low resistance as 


Ammeter : It is a device which i 
the circuit. It is connected in series in the circuit as it produces a negligible 


compared to the total resistance of 
change in the value of the current. 


Ammeter is a modified moving coil galvanometer. Th 
potential difference. It must be placed in parallel with the circuit 


e scale is graduated in amperes, with its zero at one end. 


Voltmeter : It is an instrument used for measuring 


and it must have high resistance. 
lectric current in a circuit by the help of the magnetic field is called 


The phenomenon of production of an eli 

electromagnetic induction. The direction of the induced current is given by Fleming's right-hand rule : Stretch the 

fore-finger, the middle finger and the thumb of your right-hand in such a way that they are mutually at right angles 
direction of the magnetic field, the thumb represents the direction of 


to each other. If the fore-finger represents th 
motion of the conductor in the magnetic field, then the middle finger will represent the direction of the induced 


current in the conductor. 
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30. 


[A] 


An electric generator is a device which converts mechanical energy into electrical energy. A current which 
charges direction after equal intervals of time is called an alternating current (A.C.). A current that flows in the 
same direction is called a direct current (D.C.). A device which produces A.C. is called A.C. generator or an A.C. 
dynamo. Á device which produced D.C. is called D.C. generator or D.C. dynamo. 


In Indis, the A.C. changes direction after every 1/100 second i.e., the frequency of A.C. is 50 hz. 

The principle of a generator is used in electric power plants to generate large amounts of electrical energy for use 
in industry and in homes. 

A.C. can be transmitted over long distances without much energy loss. 


In our homes we receive supply of electric power through mains from electric poles. One of the wires in this 
supply, usually with red insulation on it, is called live wire (or positive). Another wire with black insulation is 
called neutral wire (or negative). Potential difference between them, in India, is 220 volts. At the meter-board in 
the house these wires go into the watt-hour-meter through a main-fuse. Then through a main switch they are 

connected to line wires in the home. 

Various appliances in the house are then connected to these line wires, each with its independent switch. In order 
that each appliance gets equal voltage, they are connected in parallel with each other. This also ensures that one is 
switched ‘on’ or ‘off’, other are not affected. 

The watt-hour-meter measures the sum total of energy consumed in all the appliances because currents of all the 
appliances pass through it. 

Each pair of live wires carries its own fuse. 

Now-a-days the main line also carries a third wire (usually with green insulation) which is called earth wire. This 
wire starts from a deep earth connection in the nearest electric sub-station. Importance of this wire is highest for 
appliance with metallic body. The metallic body is connected to the “earth” wire. Thus even, if there is a mild 
leakage of current to the body of the appliance, its potential remains equal to that of the earth and we do not 
receive the electric shock. = 


A fuse wire or simply the fuse is a wire of low melting point inserted in the Positive line wire. It is made from an 
alloy of tin and lead (Tin 63% + lead 37%). 


The thicker the fuse wire, the greater is its capacity. Thus fuse wires of various capacities are available 


QUESTIONS 
Objective Type Questions : 
Complete the following : 
(à ‘volt -....joue per. (6) 1 mV s... V (c) ipv =. 
(--lkV when, Wid (6) GMV re VES) Qum. Mats 


The work needed to move an electric charge between two points is measured in units known as 
(@) coulomb (6) Watts (c) joules (d) amperes, 

Most metals are good conductors of electricity because they have 

(a) a large number of molecules. (b) a large number of free electrons. (c). a shiny surface, 
(d) alow temperature. 


Six joules of work is required to transfer 12 coulombs between two points. The potential di t 
volts, between the two points is po difference, in 


(dà 0.5(b)2 (c 12 (d) 72. 


The S.L unit of electric potential is the 
(a) volt (b) joule (c) coulomb (4) newton. 
Solids which are good conductors of electricity have many loosely bound 
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10. 


11. 


12. 
13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


(a) protons (b) electrons (c) atoms (d) neutrons. 

A unit of electric current is the 

(a) volt (b) watt (c) ampere (d) coulomb. 

To keep an electric current flowing through a conductor, it is necessary to maintain 
(a) | the potential difference between its ends. 

(b) the capacity of the conductor 

(c) the quantity of charge 

(d) the ratio between potential difference and charge. 


A 3U ohm and a 60 ohm resistors are connected in series. The current in the 60 ohm resi i 
many times that in the 30 ohm resistor 2 [uid ees 


(a) 1 (b 2 (c) 12 (d) 4. 

A 30 ohm and a 60 ohm resistor are connected in series. The combined resistance of the two resistors, 
in ohms, is 3 
(a) 20 (b) 90 (c) 30 (d) 1800. 

The current in a 60 ohm resistor connected to a battery of negligible resistance having an emf (P.D.) 
of 30 volt is .... dE 
The voltage across a resistor of 20 ohm, with a current in it of 3-5 ampere — — 

A 20-ohm and a 40-ohm resistor are connected in parallel. The current in the 40-ohm resistor is how 
many times that of the 20-ohm resistor ? 


(a) 1 0)2 (04 (d) 12. 


If the potential difference across a resistor is doubled, the current in it is 
(a) unchanged (b) doubled (c) halved (d) quadrupled. 

As more appliances are added in parallel to a battery of negligible internal resistance, the voltage 
across each appliance 

(a) increases (b) decreases (c) remains the same. i 

Two charged bodies A and B are at potential —30 V and + 20 V respectively and they are connected 
by a conducting wire, The current , 

(a) will flow from Ato B (b) will flow from B to A (c) will not flow at all. 


A charge of 120 coulomb flows across a point in 4 minutes. The flow of an electric current, in ampere 


is. 
(9 5 (b) O05 (€) 1/5 (d) 25. 


A 2-ohm resistor and a 4-ohm resistor are connected in parallel. The combined resistance of the two 


resistors, in ohm, is 
(a) 13:3 (b) 133 (c) 133 (d) 1330 (e) 0-133. 


The unit of specific resistance is à 
(a) ohm-metre (b) ohm (c) volt (d) ampere 
1 volt of potential difference is equal to eis 
(a) 1 coulomb per joule (b) 1 joule (c) 1 joule per coulomb (d) 1 ampere perj 
power used by the 40-ohm 


A 20-ohm and a 40-ohm resistor are connected 
resistor to that used by the 20-ohm ‘resistor it 

@ 1 (b) 2 (c) 1/2 (à) 4. 
A 20-ohm and a 40-ohm resistor are connected in parallel. The power used by the 40-ohm resistor is 
how many times that of the 20. 


in series. The. ratio of the 


-ohm resistor ? 
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23. 


(à) 1/2 ()2 ©) 1/4 @ 4. 


For the resistors in Q. 22 the rate at which heat is developed in the 40 ohm resistor is how many 
times that the 20-ohm resistor ? 


(a) 1/2 (b) 2 (c) 14 (d) 4. 


24. Ifa potential difference across a resistor is doubled, the power used by it is 


(a) unchanged (b) doubled (c) halved (d) quadrupled. 


25. Several electrical appliances are arranged in order to decreasing wattage rating. Assuming that they are 


rated at 120 volts, as the wattage rating decreases, the resistances of the appliances 
(a) increases (b) decreases (c) remains the same. 


26. A 100-watt heater operates on 120 volts. The current in the heater JENA amperes, 


27. 


Of the following, the meter which reads energy used, is the 
(a) ammeter (b) voltmeter (c) ohm meter 


(d)  kilo-watt-hour meter. 


28. 36x 106 joules of energy represent 


(a)  watt-hour (b) kilo-watt-hour (c) watt (d) H.P. 


29. When a current of J amperes flows through a resistor of R ohms, the rate of Production of heat is 


30. 


(0 FPR joule per second. (ii) I2R watt (i) IR coulomb per volt. 
The following electromagnets have the same core. Which one is the strongest ? 
(a) 100 tums and 3 amperes (b) 200 tums and 2 amperes 

(c) 50 turns and 7 amperes, 


31.  Electrons are projected perpendicularly into a magnetic field. As the Speed with which the electrons 


32. 


33. 


are projected increases, the force on the electron. 

(a) increases (b) decreases (c) remains the same, 

If an ammeter is to be used to measure the current ina circuit, it should be connected in — 
with the circuit. H 


In household wiring, a parallel circuit is preferred because 


(a) if one line is overloaded, the fuse in thi 


s circuit only will be blown off and other distribution 
lines are protected 


(b) if one line is overloaded all the fuses w: 


rie E ill be blown off and other distribution lines are not 


(c) there is no uniform potential difference iross cach line, 


34. In electrical terminology, earthing is a conductor connected 


35. 


36. 


(a) to the earth (b) to an insulator (c) toa tree (d) None of these. 
A safety fuse must be connected in series with 

(a) livewire (b) earth wire (c) neutral wire. 
Complete the following : 
(i) The magnetic field is largest where the field lines are 


(ii) If a positive charge experiences a magnetic force straight up, 


AA d ; k a negative charge moving in the 
same direction will experience a magnetic force 


(iii) The magnetic force on a current-carrying wire is zero when the magnetic field is 
the current 


(iv) A nearly uniform magnetic field can be found inside a ....... 


314 


37. 


38. 


39. 


40. 


12. 
13. 
14. 
15. 
16. 
17. 


18. 
19. 


(v) The direction of the magnetic, field di i E 
NE t e retia QD straight conductor carrying current is given by 


The work done in moving a unit iti 
positive charge across two points i aav : 
zh points in an electric circuit is a measure 


(a) current (b) potential difference (c) resistance 
(d) power. 

The device used for measuring potential difference is known as 
(a) ammeter (b) voltmeter (c) galvanometer 
(d)  potentiometer (e) ohm-meter. 


Electromagnetic induction is involved in 
(a) charging a body with a positive charge. 
(b) production of current by relative motion between a magnet and the coil. 


(c) rotation of the coil of an electric motor. 
(d) generation of magnetic field due to a current carrying solenoid. 


An electric generator actually acts as 
(a) a source of electric charge (b) a source of heat energy 


(c) an electromagnet. (d) a converter of energy. 


Very Short Answer Type Questions : 

What property do electrical objects have ? 

What is Coulomb's law of charges ? 

How does a charge on an electron compare with the coulomb ? 

What kind of charge is acquired by a neutral object when it touches a positive object ? 
Is electric field intensity a scalar quantity ? 

What is one ampere ? 

What does the electric current consist of in metals ? 

State ohm's laws. 

What is one ohm ? 

What is a milliampere ? 

What is the effect of each of the foll 
(a) doubling the length 


(b) doubling the cross-section area 


lowing on the resistance of a metallic conductor 


(c) increasing the temperature. 


What is meant by a closed circuit ? 

What is the potential difference across one of 
What is the combined resistance of resistors connected in parallel ? 
What is a voltmeter ? How is it connected in an electrical circuit ? 
What is an ammeter ? How is it connected in an electrical circuit ? 
Name the S.I. unit of 

(a) charge (b) current (c) potential difference 

(d) resistance. 

What is the relationship between coulomb and ampere ? 

How is the energy used by a device related to its power rating ? 


the resistors in a series circuit ? 
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20. 
21. 
22. 


23. 
24. 
25. 
26. 


27. 
28. 


29. 
30. 
31. 
32. 


33. 


34. 
35; 


36. 
37. 
38. 


If two unequal resistors are connected in parallel, which res 
Name three appliances which are based on the heating effect 
Name the S.I. unit of 

(a) Electrical energy (b) Electric power (c) Electricai energy used. 


z devclops heat at the greater rate ? 
of current. 


How are electrical appliances connected in a house ? 

What is earthing ? 

Define volt. 

What is bigger, a coulomb or charge on an electron ? 

How many electronic charges form one coulomb of charge ? Charge on an electron is -1.6 x 10-19 
coulomb. 


Two bodies having one coulomb of charge each is separated by 1 m in air. What is the force of 
repulsion between them ? 


Define : Ohm 
Can a magnet have an isolated pole ? 
Where can we find a magnetic field ? 


If we represent a magnetic field by lines of force, how do we differentiate between a strong and a weak 
field ? 


When a straight wire carries current, what is the shape of the magnetic field that is produced by the 
current ? 


How can the direction of the magnetic field in Q. 33 be determined ? 


If a circular wire loop carries current, why is there a relatively strong magnetic field in the centre of 
the loop ? 


How can we find the north pole of a solenoid if we know the direction of current flow init? 
What determines the strength of a solenoid ? 

Under what conditions does an electric charge produce a magnetic field ? 

Does a spinning electron behave like a magnet ? 

What is an ammeter ? 

What is a voltmeter ? 

What is an electric generator ? 

A charge is lying at rest in a magnetic field. What is the force experienced byit? 

Will a compass needle when placed near the north pole of a magnet experience a force ? Why ? 
Two parallel wires carry current in the same direction. Will they attract or repel each other ? 


A straight wire carrying current produces a magnetic field around it. State the rule whi i 
direction of the magnetic field produced, Men detinet 


How are electrical appliances connected in a house ? 
What is earthing ? 
What is the material of a fuse wire? Is the melting point of a fuse wire low or high ? 


Usually three insulated wires of different colours are use 


d in an electri i 
colours. / electrical appliance. Name the three 


[A.1.$.$.1987] 
Short Answer Type and Essay Type Questions : 


State coulomb's law of force of interaction between two charg 
charge). 
(a) Define : Electric field and Electric field intensity. 


es and hence define coulomb (a unit 
[A.L.S.S. 1982] 


(b) Is electric field intensity a vector or a scalar quantity ? 
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10. 


11. 


12. 


13. 


14. 


(c) Mention its unit in SI system. 
(d) Derive an expression for the magnitude of electric field intensity at a point in an electric field. 


What determines whether a difference of potential exists between two points ? 

(b) Define (i). potential difference 

(ii) volt 

(c) Is potential (or potential difference ) a vector or a scalar quantity ? 

(d) A conducting object connected to the earth is at zero potential. Explain. 

Derive an expression for the amount of heat produced in a conductor when an electric current flows 


through it. 
What is meant by power and energy in an electric circuit ? How are these measured ? What is meant by 


one unit of electricity. 
Define ; watt, kilowatt-hour and kilo-watt. 


Distinguish between conductors and. insulators. 
Name three quantities that are measured in electricity and state in what units they are measured. 


(a) Define: Electric potential difference ; Electric current ; an ampere ; coulomb ; volt and ohm. 
(b) What is the relationship between charge and current 2 


(c) Complete the following : 


(i) 1 coulomb = .......electrons 
(i) Lm A = se A 
(iii) LWA 92A 

(iv) 1m. V. mee V 


“Potential difference between two points is 1 volt." 


(d) Explain the meaning of the statement, 
[AJ.S.S. 1982] 


State the use of the following electrical instruments in an electric circuit : 


(a)  Ammeter 

(b)  Voltmeter 

(c)  Rheostat 

(d) Key 

(e) Cell or battery 

(f- Connecting wires. 
Draw the following circuit : 


A battery of 3 cells supplies current to 
lamp, a rheostat (variable resistance), 
across the given wire to measure the poi 


State Ohm's Law. Draw an electrical circuit with 
showing the readings required for this experiment. 


resistance of the conductor. 
(a) Define resistance of a conductor. Mention its unit and define it also. 
tance box ? 


(b) What is the difference between a rheostat and a resis! 
Calculete the total resistance when a number of conductors are joined 
(a) in series, and 

(b) in parallel. 


ire is connected in series with a 


a circuit in which a given w : 
a voltmeter is now connected 


a plug key and an ammeter ; 
tential difference between its ends. 

which you can verify this law and make out a table 
Name two physical conditions that influence the 
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15. (a) What is an electric circuit ? 
(b) If one bulb gets fused in your house, will other bulbs remain glowing ? Why ? 


(c) Write down the full names and nationalities of the scientists after whom the following units are 
named. 


The ampere : the volt ; the ohm. (Find these out from books in your school library.) 


16. Connect two lamps (each 1.5 V), a battery (1-5 V) and a switch so that one lamp remains permanently 
alight and the other lamp be switched on and off by the switch. 


17. Connect the two lamps, two switches and a battery so that both switches are required to switch on 
both lamps, but one switch will switch off one lamp and other switch will switch off both lamps. 


18. (a) Mention the various factors that affect the resistance of a conductor. 
(b) | What do you understand -by the specific resistance (or resistivity) of the material of conductor ? 
(c) State SE unit of specific resistance of a conductor. 

19. (a) How does the resistance of a conductor vary with its length ? 
(b) What is the relationship between the resistance of a conductor and its cross-sectional area 7 


20. The resistance wire in an electric radiator is usually wound on fireclay an insulating material ? Why is 
an insulating material used ? What would happen if a bare resistance wire Were wound on a piece of 
iron ? 

21. Some materials conduct electricity ; for example piece of iron or copper. Others like paper, do not 


appear to conduct, and we call them insulators. Wood is an insulator. It might be a good material on 
which to wind the resistance wire of the electric radiator element, but it is not. Why not ? 


22.Why does the resistance wire get hot and not the copper wire of the cable of the electric immersion heater 
? 


23. (a) Define an electric line of force. 
(b) Give the chief properties of electric lines of force. 
(c) Explain the electrostatic attraction and repulsion on the basis of the lines of force. 
(d) Why two electric lines of force do not cross each other ? 


24. A very small sphere is given a positive charge and is then brought near a large negatively charged 
plate. Draw a diagram of the system showing the appearance of the electric lines of force. 


25. How can you explain (a) the Presence of a charge on a glass rod after it has been rubbed with silk, (b) 
the charge remaining on the silk ? : 


26. (a) Whatisa magnet ? 
(b) Define : pole a magnet ; Magnetic axis of a magnet. 
(c) | What is the difference between an electromagnet and a permanent magnet ? 
27. (a) Whatis a magnetic field ? 
(b) Can two lines of magnetic force intersect with each other ? 
28. (a) Cana magnetic field be seen ? 
(b) Can it be detected ? 
(c) Can a magnetic field be mapped out ? 
yp Wetton oS sae Gotan he cra dC TTL TM 
30. (a) Discuss the field pattern due to 
(i) straight current-carrying wire, 
(ii) a circular coil carrying current, and 


(iii) a solenoid. 
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Draw clear diagrams to explain the chief features of the magnetic fields, (A.I.S.S. 1982) 
(b) Explain right-hand rule to determine the direction of the field in each case discussed in (a). 


31. What is a Solenoid ? How will you show that a solenoid carrying current behaves lik 
T AE E b: 
Describe the rule for determining the polarity of the ends of the solenoid. PM 


32. (a) What is an electromagnet ? 
(b) Draw a diagram of an electromagnet. Explain how it w...... 


(c) Give a brief account of some of the important practical applications of an electromagnet. 


33. We can increase the lifting force of an electromagnet by : 
(i) increasing the current ; 
(ii) increasing the number of turn of wire ; 
(iii) increasing the cross-sectional area of the core ; 
- (iv) making the core of glass instead of soft-iron. 
Choose one conr from above which is not correct. 


34. (a) State Fleming's Left Hand Rule and illustrate it by two examples. (AJ.S.S. 1982) 
(b) How can you demonstrate Fleming's Left Hand Rule Experimentally ? 


35. The magnetic field at a point associated with a current carrying conductor is 
(i) directly proportional to the current flowing ; 
(ii) directly proportional to the distance from the conductor ; 
(iii) inversely proportional to the current flowing ; 
Choose the correct answer. 


36. (a) What do you know of the action of magnetic field on a conductor carrying a current ? 


(b) A wire BA of length (Fig. 9. 91) is placed vertically between ‘the poles of a large magnet 
having magnetic field B tesla. It is free to turn in any direction. State and explain what 
happens when a current I is passed through the wire in the direction BA. (A is free to move). 


What is the expression for the mechanical force experienced by the wire carrying current ? 


B 


A 
Fig. 9.91 
37. If the direction of a current in a conductor is towards the reader but out of the pages, is th 
Magnetic field (Choose one answer) 
(i) along the conductor towards the reader ? 
(ii) clockwise around the conductor ? 
(ii)  counter-clockwise around the conductor ? 
Gv) along the wire into the page. 
38. A straight conductor is placed parallel to the magnetic field of a magnet. Will it move in any direction 
When a current is passed in it ? Give your reasons. 


39. (a) Give the unit of magnetic field in SI system and define it. 


e direction of 
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(b) How tesla and gauss are related to each other ? 


40. Copy Fig 9. 92 and. put in an arrow showing which way the coil (free to tum about a vertical axis) 
tends to move. 


Fig. 9. 92 
41. (a) What is magnetic field (B) ? 


(b) Does a small magnetic needle experience a force when placed in the magnetic field of another 
magnet ? 


(c) Is the magnetic field (B) a scalar or vector quantity ? 

(d) Does an electron at rest experience a force in a magnetic field ? Name two factors that influence 
the force experienced by a current carrying conductor in a magnetic field. 

42. Why cannot one obtain an isolated north pole by breaking a magnet into two pieces ? 


| 
43. Write a short note on household electric circuits. Why is a parallel circuit preferred ? ; 
44. (a)  Whatis an electric fuse ? 


(b) Why does fuse contain tin and lead ? 
(c) Outline how you would demonstrate the action of a fuse wire in a circuit. 
(d) Why is it dangerous. to replace a fuse with an iron nail ? à n 
' (e) In what way do electric fuses serve as a safety device in electric circuits ? | 
45. (a) What is meant by earthing of electrical appliances ? 


(b) In what ways does earthin, 


E serve as a safety device in electrical appliances ? Explain with the 
help of an example. 


46. (a) Under what conditions is an induced emf produced ? 
(b) When does an induced emf produce an induced current ? 
(c) What are the factors which affect the magnitude of an induced emf ? 


47. Describe an experiment to show that a straight conductor carrying current placed in a magnetic field 
experiences a force and that the direction of force depends on the direction of (i) the magnetic field, 
and (ii) the current. 


48. (a) What is an electric generator ? 
(b) What are the important parts of an A.C. 
function of each of these parts ? 


(e) Explain the principle underlying the working of an A.C. generator. $ 

(d) Why does the direction of the induced current in the coil change after every half revolution. | 
49. What is the essential difference between 

(a) alternating current (A.C.) and direct current (D.C.) and (b) A.C. generator and D.C. generator. 

What is the frequency of A.C. in India ? 


generator ? Draw a labelled diagram. What is the 
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